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WELDED 
Industrialfiiping, 


“Proper methods of 
inspection and pro- 
cedure control have 
been established and 
are available to all 
interested; so there is 
no longer any excuse 
for poor work. Welded 
lines are often cheaper 
in first cost, and are 
invariably superior in 
ft the matter of tight 
» ness.” 


—From an Editoria 
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PROGRAM 


1929 FALL MEETING 


of the 


AMERICAN WELDING SOCIETY 


to be held in 
CLEVELAND, OHIO, September 9, 10, 11, 12 and 13, 1929 









Morning Sessions at Hotel Statler 
Afternoon Sessions and Exposition at Public Auditorium 
All sessions start promptly as scheduled 






IMPORTANT NOTICE 


embers and their guests are requested to register, as admission to the 


m..Li 


Public Auditorium and some of the social events will be by badge only. 







MONDAY, SEPTEMBER 9, 1929 
Morning 
Kegistration—Registration facilities will be provided for mem- 
bers and guests at the Hotel Statler, commencing Monday, September 
9, at 10:00 A.M., and at the Public Auditorium, commencing Mon- 


dav at 12:00 M. 










A fternoon 


Meeting of Board of Directors, American Welding Society, 2:00 
P.M.. Hotel Statler. 


TUESDAY, SEPTEMBER 10, 1929 
Morning 
Business Session 


\.M., Hotel Statler, F. T. Llewellyn, President, Presiding. 
ill be in the nature of a few introductory remarks by President 
weivn and transaction of any formal business or introduction of 
loca brities, 
Technical Session 

-M., Hotel Statler, A. E. Gaynor, Vice-President, Presiding. 
rt ‘ect on Design of the Use of Welding in the Manufacture of 
lachinery, by H. G. Reist, General Electric Company. 
ty and Welding Steel Parts to Replace Castings, by W. F. 
(he Bessemer Gas Engine Company. 


9 
uv 


JOURNAL OF THE A. W. S. 


TUESDAY (Continued) 
Tuesday Afternoon 
Technical Session 
2:00 P.M., Public Auditorium, H. L. Whittemore, Vice-Director 
American Bureau of Welding, Presiding. 
Welding of Copper and Copper Alloys, by I. T. Hook, Research 
Laboratory, American Brass Company. 
How to Test Welds, by F. G. Tatnall, Southwark Foundry & Machin 


Company. oe 
: Evening 


9:00 P.M., Cleveland Hotel, Metal Congress Dance. 


WEDNESDAY, SEPTEMBER 11, 1929 
Morning 


8:30 A.M., Starting from Hotel Statler, Inspection Tour of thre« 
plants. 

10:00 A.M., Hotel Statler, Conference of research workers on 
Fundamentals of Welding, H. M. Hobart, Chairman, Presiding. 
Afternoon 
Technical Session 
2:00 P.M.. Public Auditorium, J. J. Crowe, Member Executive 
Committee, A.W.S., Presiding. 

Study of Nitride Needles, by P. Alexander, General Electric Company 

Chemical Reactions of the Carbon Arc, by G. E. Doan and E. Ekholm, 
Lehigh University. 

A Metallographic Study of Some Metal Are Welds, by H. M. Boy!ston. 
Case School of Applied Science. 

Metallographic Studies of Welding and Cutting, by M. Yatsevite! 
Watertown Arsenal. ae 

Evening 

7:30 P.M.. Hotel Statler, J. H. Edwards, Chairman, Presiding 

Meeting of Structural Steel Welding Committee. 


THURSDAY, SEPTEMBER 12, 1929 
Morning 
Technical Session 
9:30 A.M., Hotel Statler, F. T. Llewellyn, President, Presiding. 
Motion picture on “Gas Welded Steel Building.” 

Gas Welding of Steel Building, by H. H. Moss, Linde Air Products \° 

Non-destructive Testing of Welds with the Stethoscope and \-Ray 
by C. O. Burgess, A. B. Kinzel and A. R. Lytle, Union Car!ide ane 
Carbon Research Laboratories. 

Welding Studies at the Watertown Arsenal, by Major J 
Ordnance Dept., U.S. A. 

Stress Strain Characteristic of Welded Joints, by J. H. © 
versity of Pittsburgh. 
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Afternoon 
Joint Technical Session with A.S.M.E. 
2.00 P.M.. Public Auditorium, C. A. Adams, Director American 


Bureau of Welding, Presiding. 
Foreign Practice in Welding of Boiler Tubes and Drums, by G. 


Orrok, Consulting Engineer. 
Automatic Are Welding of Thin Sheets, by W. L. Warner, General 


Re 


Electric Company. 
Non-destructive Tests of Welds, by Elmer A. Sperry, Sperry Develop- 


ment Co. 
Evening 


Annual Banquet and Dance 


6:30 P.M., Hotel Statler, Annual Banquet and Dance. 
FRIDAY, SEPTEMBER 13, 1929 
Morning 
10:00 A. M., Hotel Statler, J. C. Lincoln, Past Chairman, Cleveland 
Section, A.W.S., Presiding. 
Oxy-acetylene Welding of Pipe Lines in the Field, by W. R. Ost, Ain 
Reduction Sales Company. 
Klectric Welding of Field Joints of Oil and Gas Pipe Lines. by a te 


e. Welding Engineering Company. 
lding of Tubing and Pipes for Locomotives and Boilers, by H. A. 


tter, Swift Electric Welder Company. 
{fternoon 
American Bureau of Welding 
2:00 P.M., Hotel Statler, Prof. C. A. Adams, Director, Presiding. 
American Bureau of Welding. 


LADIES’ ENTERTAINMENT 
MONDAY, SEPTEMBER 9, 1929 


ition 11:00 A.M. at Hotel Statler after which they will be transported to 
eland for automobile ride, leaving Hotel Cleveland at 11:30 te Country 
uncheon and entertainment. On return visit Art Institute. 

TUESDAY, SEPTEMBER 10, 1929 


Chamber of Commerce in Terminal Building. 


ting of 


ym at View of city from 
lower and card party in afternoon, 


Evening 
Metal Congress Ball 
WEDNESDAY, SEPTEMBER 11, 1929 
Theatre Matinee 
THURSDAY, SEPTEMBER 12, 1929 
ile tour through City of Cleveland. Luncheon at Nela Park. 


n house lighting and decorative schemes for use of lights 
Returning by different route to hotel. 


and light 


Evening 
nual Banquet and Dinner Dance, American Welding Society 
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STRUCTURAL WELDING MEETING 
BOSTON SECTION, AMERICAN WELDING SOCIE’ 


OCTOBER 10, 1929 


To be held at Massachusetts Institute of Technology under the auspices 
Affiliated Technical Societies of Boston 


All manufacturers interested in the art of welding are invited to take 
in the exposition to be held under the auspices of the Affiliated Tech: 
Societies of Boston, by the Boston Section of the American Welding So 
at the Massachusetts Institute of Technology on Oct. 10, and those wh 
to exhibit their apparatus or supplies are invited to get in touch with 
R. L. Browne, 1038 Statler Building, Boston, as soon as possible. 


PROGRAM 


The meeting will be opened by Mr. C. W. Babcock, chairman of the B 
Section, and will be presided over by President Llewellyn of the S 
Addresses of welcome will be given by Dr. S. W. Stratton, president of Ma 
chusetts Institute of Technology; Prof. E. F. Miller, Massachusetts Instit 
of Technology, and by Mr. Alfred Kellogg, chairman of the Engineering 
eties of Boston. 

Papers will be presented on “Electric Arc Welding,” by Prof. F. P 
Kibben, consulting engineer, and by Mr. A. M. Candy, Westinghouse EF! 
& Mfg. Co. These will be followed by papers on “Gas Cutting of Stes 
Mr. J. J. Crowe, Air Reduction Sales Company, and paper on “Fabrica 
by Mr. P. J. Horgan, of the River Works Plant of the General Electri 
West Lynn. There will be demonstrations of Gas Steel Cutting, Arc W 
of Trusses, and Testing of Welds to Destruction. 


National Metal Congress technical sessions which touc! 
way upon your own problems 
Cleveland, Sept. 9 to 13 sure aren d+ of the latest, n 
(News Release) thoritative knowledge on th« 
? In one week’s time you can gai! 
_ During the week of Sept. 9 five lead- practical, working facts than 
ing technical societies — American obtained from text books in 
Welding Society, American Society for time. Neither vou nor vour 
Steel Treating, Iron and Steel Divi- engineers, plant manage? 
sion, A. I. M. E., Institute of Metals tendent. technicians—can 
Division, A. I. M. E., Iron and Steel miss this year’s National Met 
Division, A. S. M. E.—will hold their gress the most educational. + 
annual meetings in Cleveland simulta- aythoritative. the most 
neously. These societies have acom- event of the vear in the met 
bined membership of over 15,000. At : 
the technical meetings of these so- 
cieties, to which you are invited, inter- 
nationally recognized authorities— Concurrently with the an 
over 150 of them—will read papers ings of the five technical 
— og hg on practically every there will be held in the 
phase of the production, fabrication, . ee : 
treatment, waiter and use of metals Public Auditorium, Clevela: 
of every kind. These papers will bring Eleventh Annual Metal Exp 
together in one place and at one time Over 275 manufacturers ' 
every important new development in _ the latest equipment, supp! 
the metal industries. To attend those newest processes and met 


National Metal Exposit: 
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ve to do with the making, working, 
ating, welding and use of every 
nd and form of metal. These ex- 
its, many of which will be in op- 
ition, will cover over 80,000 square 
of floor space. From them you 
certain to get many new ideas 
as that will mean reduced labor 
shortened production hours, 
ter ways of handling materials, a 
er product. By combining attend- 
at the technical and a 
rough study of the exhibits you 
not help but get at least one idea 
will pay many times over the cost 
ur trip and the trip of every key 
you bring with you. As you are 
d to the technical sessions so are 
nvited to this exhibit. 
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Plan Your Trip 








technical sessions of the socie- 
been so arranged that there 
practically no conflict between 
covering similar subjects. In 
ay you or your engineers, pro 
and research men will be able 
all possible infermation and 
the subjects in which you have 
eatest interest. 





ave 





















































Bring Your Key Men 





is no better way to secure the 
istic and whole-hearted coop- 
from your men on the firing 
in to let them help you in find- 



























































ideas that will make you 
-their company —a more 
ful, more aggressive, ‘up-to- 
ite organization. So don’t 








send every key man in your 
tion whose work touches on 
tion of material, the produc- 
ation, treatment, welding or 


etals. 
































Plant Inspection 


the National Metal Con- 
greatest practical value, 
ection trips through many 
nd’s most modern plants 
scheduled. These trips of- 
ual opportunity to see how 
llow does it—to study in 
tical operation how pro- 
dules are speeded up, how 
bor savings are effected. 
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m recent speech before the 
































ation for the Advance- 
nee, taken from Electrical 
23, 1929. edition 
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A complete list of these plant inspec- 
tion trips will be given in the National 
Metal Exposition program. 


Finding and Encouraging Competent 
Men for Scientific Research 
in Industry* 
By Dr. F. B. JEWETT, 


Vice-President American Telephone & 
Telegraph Company; President Bell Tele- 
phone Laboratories, Inc 


“Except in those details which are 
the direct consequence of a particular 
function, the problem of finding and 
encouraging competent men in indus- 
trial research is in no substantial 
measure different from the finding and 
encouragement of competent men in 
any walk of life.” 


me * + 


“The rank and file of the modern in- 
dustrial research organization are rel- 
atively easy to find, though sometimes 
difficult to get in sufficient numbers.” 


» * * 








“A man is essentially miscast and 
essentially a transient if he finds him- 
self in a field of endeavor where the 
primary requisite for success is alien 
to the thing he most desires.” 


> 7 * 


“In both pure science and industrial 
research the men who succeed will be, 
for the most part, those men in whom 
the element of curiosity about nature 
and her ways is a controlling urge.” 

* * + 


“ 


the problem of finding com- 
petent men boils down, in the last 
analysis, to our ability to find com- 
petent young men—to bring them into 
the organization, provide them with 
the facilities and encouragement for 
growth, and ultimately to make lead- 
ers of them.” 


> * * 


“és 


when competent men come to 
us we can see to it that their sur- 
roundings, the conditions of their as- 
sociation with their fellows, and the 
tools with which they work are con- 
genial and adequate. Above all, we 
must see to it that a just recognition 
of their achievements is accorded 
them.” 
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Pennsylvania Cities May Now Weld 
Buildings 


An increase in the use of welding in 
the construction of buildings in the 
State of Pennsylvania is foreseen as 
a result of the passage by the Legis- 
lature of that State of a law which 
allows this type of construction to be 
used in first-class cities. The new law 
gives in detail a building code fo 
cities of the first class and in this 
code is a section giving permission to 
commissioners of buildings in such 
cities to adopt welding as an erection 
method. 


Structural Welding Assurance 
Reprinted fre July 18th lt t 
Engineering News-Record) 

In drafting a code for structura 
welding, the American Welding So- 
ciety has performed an outstanding 
service for the engineering profession 
as well as for welding itself. The en- 
gineer who been called upon to 
design a welded structure has been in 
volved in serious doubts because of a 
lack of guiding specifications. The 

guesswork to which he had to 
created a potentially dangerous condi- 
tion for welding progress. 

It is a criterion of modern engineer- 
ing that such dangers as this are com 
bated not by closely guarding all in 
formation as did the old-time craft 
men’s guilds, but by making it uni 
versally available. This practice, on 
the part of advocates of special en- 
gineering methods, of early codifica 
tion of data and constant elaboration 
and study by research is apparently 
growing. Such information is increas 
ingly necessary and whenever pro 
vided is welcome indeed. 

The new code is brief, but 
ments brevity 


has 


resort 


it supple- 
by reference to the 
more voluminous data compiled by the 
structural steel welding committee. It 
sticks to fundamentals, and quite defi- 
nitely delegates the task of providing 


safe and economic structures to the 
judgment of competent engineers. 
Perhaps some of the “shall” clauses 
in its section on design might better 
have been tempered by the substitu- 
tion of one or two acceptable methods. 
Also, it is not clear why the code is 
confined so rigidly to buildings, al- 
though a bridge code may have been 
regarded as premature in view of our 
limited knowledge of how welded 


A. W. S. [J 


joints act under impact. But by 
large the framers have succeede 
developing an authoritative and 
partial code that should prove of g1 
value. 

At the same time, having creat: 
code which relies upon competent 
gineers to carry it out, the society 
assumed an obligation to insur: 
proper development of such met 
providing them with interpretat 
all data on tests and practice as 
become available. One of the 
tasks would seem to be the 
ment to actual job proportion 
needs of the test specimen dat 
ready compiled by the structural 
welding committee. With 
code available, and with a cont 
research program going on, stru 
engineers can now look on 
with increased confidence that 
will be able to make proper ar 


possibil es 


application of its 


In Memoriam 


Professor Peter Gillespie. 
the beginning has been cl 
fied with the Structural 
Committee of the Ame! 
Welding, succumbed to 

on May 26, 1929, at th 
He was an outstanding 
engineering profession 

a leadet research a 

his supervision a series of 
were made for the Struct 
Welding Committee, and 
abled the committee t 
gram and to be 
ticability. 

At a meeting of the Execu 
mittee of the American Ws 
ciety, held in Engineeri: 
ties Building, New York, N. ‘ 
fourth day of June, 1929, tl 
ing resolutions were ur? 
adopted ; 

Whereas: The Executive ‘ 
of the American Welding > 
learned with profound so1 
death on May 26 at his ho 
ronto of Peter Gillespie, P: 
Civil Engineering in the U: 
Toronto, Canada, and 

Whereas: The members ar 
of the American Welding + 
call with deep appreciatior 
come part that Professor G 
ways took at its conferen 
particular, the generous as 


assured 


the 








SOCIETY ACTIVITIES 


ts Structural Steel deep regret and sense 
ve in the form of pract death of Peter Gillespi 
preciation of his services 
believed that th ean Welding Society, a1 


t-neartead man '\ it 


and 


Resolved: That thes 


1 marked vacancy in 
pread upon the records 


e engineers and \ 
and copies be sent t 
to his associates in Ut 
Toronto as an expré 
tual loss and sympat! 


SECTION ACTIVITIES 
ire describing the operat 
oxy-acetylene welding and 
torches and touched lightly ups 
gen and acetylene cylinders and al 


the workings of carbide generators 


The second reel covered 


welding in industry 
‘ir two ‘1 film “Proved The third reel cov 
This film w: f extrao manufacturing indust 
est and showed the many The May meeting of 
General Motors’ car al held on F day evening, 
y are } i L . M ord of the Gene 


welded frames 
The June meeting i 
Sth. Br. | . Waldmar 


members 
by the 
League to atte 
was held on the 
Electric filn 
shown. The 
Dr. Langmuir “he fil: howed 
different applicatio1 yf at ce hydro 
ven welding Thi in excellent 
the Section 


} 
levelor 


program, and memb« 


able 


Employment Service Bulletin 
POSITIONS VACANT 
‘yr of many years’ practical experi sf nanage! 
adiator Co., Inc., New Jersey, 3 iles fron 
20,000, old established and going concern, seek 
e and ability, as executive and business promoter 
tal to acquire financial interest ate expel 





Discussion of Technical Papers Presented at Annua 


Meeting of American Welding Society 


WEDNESDAY MORNING SESSION 
C. A. McCUNE, Presiding. 


| 
I 


Discussion paper on “Training Welders”* by L. S. Thurston, CGen- 


eral Electric Co. 

Mr. L. S. Thurston: Mr. Chairman and Gentlemen: Durin 
several years that I have been connected with welding, largely) 
commercial end, I have-felt very strongly that no matter how 
esses are developed or how machines are designed, the ultimate 
depends entirely upon the operator. What I tried to bring out 
paper is that unless operators are thoroughly trained and 
liable, conscientious workers, the art of welding is going to 
dered. 


I have sketched a curve of the growth of welding which 
largely upon sales of equipment and that information has bee: 
ered from statistics rendered through the reports of the Natio 
trical Manufacturers Association and the Census Bureau, and 
a very distinct upward growth. There is no appearance yet 
familiar S form where the curve starts to flatten off. It is 
ing upward. 


Unless the operators, the men who actually do the welding 
who supervise welding are trained to do a conscientious and 
job, there may be a recurrence of that loss of confidence 
which occurred a few years ago. What I would like to see 
some national organization, such as the American Weldin: 
adopt a program for training and qualifying welders, ha 
standard whereby the user of welding, the man who hir« 
could be fairly certain that the men employed were going 
good job. If those men could exhibit a diploma or a cert 
some sort showing how they were graded on some standard 
grading, their employer would be reasonably certain that he 
a skillful man. 

In the suggested qualifications under Item II I have clas 
liability of the operator” practically on the same basis as © 
work,” and in reading over some of the other papers which 
presented, I notice that same point has been emphasized 
is not reliable and conscientious in his work, he is not go 
good welding job. There will be failures, resulting in a |! 
fidence and the welding industry must suffer. 


*Pape yubl ‘ in Al l 1923 38 f Journal of A. W. 8S 
10 








DISCUSSION ANNUAL MEETING PAPERS 11 


Professor C. A. Adams, Harvard University: The American Weld 
Society may perhaps play an important part by providing stand 
or specifications under which welders should be tested. 


Discussion paper on “Organizing and Operating an Industrial Weld- 
ing School,”* by C. E. Conway, Educational Director, Bedford Branch, 
Y. M. Ge 


Professor Adams: I would like to ask Mr. Conway what the license 


+ 


re fers LO. 

Conway: The license given by the City of New York. 

F. W. Taft, Passaic Bergen Welding Works: I would like to ask 
nway what the cost to the student is. 

Conway: The tuition is $66. The students pay for the course 
kly payments. If they pay cash, there is a 10 per cent dis 
That includes a year’s membership in the Y. M. C 


Taft: Is that for the general course or just one particular 


Conway: That is for the general welding course. That pays 
teen 3-hour sessions of welding, where a student has a weld 
in his possession all of those 42 hours. 


Taft: Do you find that you can produce a welder of any note 


h that many lessons? 


Conway: No. That is the most difficult thing for a school to 


The men who come to take a welding course, as a rule, have 


money and they want to become a welder overnight, and 
» do the best we can for them. 


ift: The reason why I ask that question is because I conduct 
hool out in New Jersey on pipe welding only and we give 15 
lessons and five theory lessons and we charge $50 for the 
d I know that it is sometimes difficult to get the $50. We de- 
ntire 15 lessons to just pipe welding, just the one branch of 
ry. In the fall we expect to inaugurate a course on the air- 
istry separately. 
find that we have the union proposition to contend with. 
out there have absolutely no welders. When they want a 
in New Jersey the nearest point is Jersey City and then 
ery limited number. 
that we could not supply welders for union shops because 
nning a job welding shop. I took the question up with the 
rities in our locality and they seemed to be very much 
ut it. They are very anxious to get men that really will 


vay: I might mention the fact that when a man enrolls for 
r sessions of welding he may take this general welding 


f AWS 
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course that I outlined to you or he may spend those entire 14 sess 
on pipe welding. The local in New York has sent us a numbe1 
union steamfitters and in some cases the union pays for the tui 
of those men. We also give instruction in airplane welding L) 
‘ase the entire 14 sessions are devoted to only two things: tea 


the man to weld seamless steel, such as is used in fuselages and 
ing him to weld sheet aluminum used for the gasoline tanks. 


Mr. E. A. Abrahams, U. S. Welding Co., Inc.: Do 


casion to trace these men when they get through? 


Mr. Conway: We get calls for men from time 


have sufficient training to get their license and also 
to hold dewn a job providing the employer unders 
not to be paid full salary. 


Mr. Abrahams: In other words, they are helpers 
is that the idea? 


Mr. Conway: Some go in as helpers and some go in as 
no case would the employer pay much wage to them until 
additional outside experience. The same thing, | think, 
practically all school training to a greater or lesser extent. 
ing to a technical university spends four or five years t 
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advanced course in the fall (another 15 lessons) I believe they will be 
pipe welders. 


Discussion paper on “How to Organize and Operate an Industria! 
Welding School,”* by F. E. Rogers, Publicity Manager, Air Reduction 
Sales Co. 


Chairman McCune: | would like to ask Mr. Rogers whether the 
standard specimens showing good and bad welds are recommended or 
in force in his school so that a welder can be shown a bad weld or a 
good weld. 


Mr. Rogers: If the school is equipped with a testing machine | 
would recommend the welding of standard test specimens 2 in. wide 
and \% in. thick. If a 50,000-lb. capacity machine is available it wil! 
be necessary to split the coupons in halves lengthw’se before pulling 
to avoid overloading. The tensile test is a very desirable way of test 
ing welds. The bending test reveals a great deal, but if the welder 
can be shown that his welds have only 40 or 50 per cent weld tensil 
strength in terms of the base metal, and that he must work up to 75 
and 80 per cent, and finally to 90 per cent or better, he has got some 
thing definite to work toward. However, I do feel that the bend test 
will serve very well for a great many of our schools, especially thos 
that are devoted to pipe welding. 


Mr. Thurston: Mr. Chairman, I should like to inject a remark. It 
seems to me that whether it be a company or organization selling weld- 
ing equipment, or whether it be a company or organization which does 
not, both have the same problems in training men. Mr. Rogers says, 
“The welding school operated by a company selling welding equip- 
ment . . . the problem of determining fitness is not up to th 
school director.” May I take exception to this statement because | 
think that the company and the school it conducts assume a great re 
sponsibility in the training of men, not only for their own reputation 
but for the reputation of the men and their customers’ good will after- 
ward. 


Mr. Rogers: The statement, Mr. Thurston, is in reference to a schoo! 
of class No. 4, which is made up of men furnished by concerns, some 
of them perhaps 500 miles away. They are not likely to send any man 
to that school who is not dependable, who has not the ability to learn 
and who has not a genuine interest in what he is to be taught. It may 
happen, of course, that men might be unwisely selected and the director 
of the school would find that he would never make a good welder, but | 
assume in this paper that those men are not sent at company expens’ 
to be trained as welders; they are simply going through the weldin 
course in order to understand what welding is, how the apparatu 
should be handled and what constitutes a good weld, what the causes « 
poor welds are. In other words, these men, as a rule, will be executive 
foremen or supervisors of welding, or having welding operations und: 
their control. A man may be a thoroughly competent foreman to dire: 


*Paper published in April, 1929, issue of Journal of A. W. S. 
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a group of machinists in a machine shop on lathe and grinding work, 
and be unable to go up to a grinding machine and turn out a job one- 
half as good as the poorest grinding operator. But he has the execu- 
tive ability; he knows what he wants and how to get it. So it is, I 
think, with the type of school that I have in mind. It functions to 
train men for executive positions. 


Discussion papers on “Organization and Management of an Industrial 
Welding School,”* by F. E. Sellman, Consulting Engineer, Servel, Inc., 
and “Organizing and Operating an Industrial Welding School,”** by 
R. B. Lincoln, Westinghouse Electric & Mfg. Co. 


Mr. Abraham: What kind of metal is used in the construction re- 
ferred to. 


Mr. Sellman: Seamless steel tube throughout except the flues that 
are made of ascaloy, but the machine itself or the unit proper is all 
eamless steel tubing. 


Mr. J. W. Owens, Newport News Shipbuilding & Drydock Co.: This 
morning’s session has been a very interesting and constructive one. 
Those of us who have been in the game for a number of years realize 
that the problem of training and qualifying welders is one on which 
the ultimate success of welding depends. The society has already ac- 
complished much toward the development of a standardized training 
program, but has, as yet, been unable to assist in any scheme for 
qualification of the welder. Should a committee be appointed by the 
society for this purpose it will face a difficult problem as a satisfac- 
tory solution is not, as yet, in sight. Courses of instruction must of 
necessity cover the various welding processes and be adapted to the 
needs of many industries. While the qualification requirements for 
some industries for example ship construction and building construc- 
tion might be grouped, yet the requirements for other industries, for 
example, aircraft construction and the manufacture of refrigerator 
inits, are so radically different that there must be definite require- 
ments for each one. 


You have heard this morning of a course of training involving 15 
essons. Such courses might be satisfactory for certain classes of 
ork. However, in ship construction we feel it requires a course of 

approximately 250 hours or about 80 three-hour lessons to produce a 
welder capable of consistently securing sound welds in the flat, ver- 
tical and overhead positions on our diversified work. The students 
ire given evening courses on their own time from 4 to 7 o’clock. 
‘here are two classes of 12 students each attending the school every 
ther evening. Every man in the school is provided with a welding 
iachine and furnished free of charge with the necessary plate mate- 
rial, electrodes and current. On completion of the course each student 
’ required to make a single V butt weld in a %g-in. test plate 18 in. 
ng, 6 in. being welded in the flat position, 6 in. in the vertical posi- 


"Paper published in June, 1929, issue of Journal of A.W.S 
Paper published in June, 1929, issue of Journal of A.W.S 
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tion and 6 in. in the overhead position. A 2-in. specimen is cut from the 
center of the weld made in each position and the reinforcement ground 
off. To date 107 welders have been trained and tested and the aver- 
age ultimate strength for their welds in all positions has been 60,000 
lb. Our requirements are so high that it is almost impossible for a 
welder not trained in the yard to secure a position. Furthermore, we 
have found from experience that welders trained in our school are 
much more satisfactory. 


Reference has been made to the training of men for industrial con- 
cerns at a welding school. The course that such students should re- 
ceive would depend upon the student’s qualifications and what is ex- 
pected of him on completion of the course. The supervisors in our 
welding department were selected because of their general executive 
ability. However, we found that many of them were handicapped be- 
cause they personally lacked the ability to duplicate the results ob 
tained by the students. Everyone of these supervisors have, there- 
fore, been required to take the welding course and pass the same tes! 
as required for the practical welder. As a result of this the morale 
of our welding department has been decidedly raised for the super- 
visor can now actually show the welder on the job how to undertake 
unusual and difficult welding operations. The welders graduating 
from our training course are not given a first-class rate on their grad- 
uation for we do not feel that they are first-class men although able 
to make welds having physical characteristics of a high order. The 
reason for this is that they lack experience which can only be acquired 
over a period of years and that during this period they require compe- 
tent supervision. 


The question of testing welds is an important one. In our schoo! 
we have equipped a hydraulic jack with a direct reading gage for test- 
ing the students’ exercise welds. This introduces a competitive fea- 
ture among the welders which is very valuable. Of course we use the 
standard tensile testing machine for the final qualifications of our 
welders. 


The hydraulic jack is also used for the testing of plug welds, 
for although such a weld might look to be very easy to make, never- 
theless experience has shown that it requires a considerable amount of 
training. The test is made by punching the metal out of the hole an‘ 
observing the percentage of fusion obtained on the sides of the hole 
The school is also used during the daytime for the training of chippers 
and caulkers and training welders on specific jobs as they may arise. 
When such jobs present peculiar difficulties the welders assigned to 
the job are required to master it before undertaking it on a produ 
tion basis. From what I have said it can be seen that our school is a! 
asset not only from the standpoint of training welders but for th 
building up of a strong organization. 


We do not give a certificate on the completion of the course. Thi 
has been considered on several occasions, but every time has been re 
jected for managerial reasons. 
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Mr. H. S. Card, Welding Engineer: Gentlemen, I have been inter- 
ested in this subject of training operators for quite a number of years. 
When our publications were first started we immediately began think- 
ing about it. Then some seven or eight years ago, in the course of a 
discussion, some remarks were made to the effect that the inability to 
secure good welders was a handicap to the progress of welding. So 
about that time we started quite a detailed investigation of all the 
welding schools and all the methods of instructions we could find. 
There was enormous amount of work involved in it. There were very 
few trade schools who were giving anything like respectable instruc- 
tion, and there were a lot of them all over the country who were mak- 
ing believe they were teaching men how to weld, but the line-up of 
their instruction was pitiful. 

We have induced our friends in the industry in aii parts of the 
country to step in, in different places here and there and lend a hand 
to raise the standards of instruction. Consequently recent years have 
seen a tremendous improvement in the instruction in a number of 
schools and also a considerable elimination of the instruction courses 
which I would classify as pitiful. It has been an interesting study 
and we are continuing it. In fact, we maintain as far as possi- 
ble a list of the good welding schools. It is very difficult to do that 
lately because there are so many new ones springing up. 


We have corresponded with those schools. We have invited them to 
send their instruction programs so that we could compare them with 
others of the same type and make suggestions to them. We have made 
them special rates on our publications to get the students to read them 
if they wanted to. The service that we would give them in connection 
with their instruction has always been gratis, regardless of whether 
they were large customers or not, our theory beine that the better 
welding we can get done, the more welding will be done. 


Some remarks were made about the matter of giving a man a chance 
as he came out of a trade school. That is a very sound idea as far 
as the employer is concerned. I have had a chance to notice the prog- 
ress of two or three men who have come to Chicago, graduates from 
schools with which I was acquainted personally and have placed them 
in various large organizations with a large welding force, telling the 
employer in each case that this man has not had experience, but he 
has the training. “I wish you would give him a chance and let me 
know how he comes out” In every instance of that kind the expe- 
rience has been identical. The man’s first weld was not taken very 
‘eriously by the employer, but in every one of those cases that first 
weld when tested proved to be strong and in every case that I have 
been able to check up on the men are still on the jobs and are re- 
rarded as among the best welders those employers have. These men 
knew how to make a sound weld and had been trained to make a sound 

eld first. When put right alongside of experienced men their work 
didn’t look so pretty. but the experienced men were making good look- 
ig work and slighting the soundness of it. A man in that position 

mply had to be given a chance to acquire practice so that his work 
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would look as good as the other, as well as being good. If we can get 
trade schools to teach the process right and then get employers to give 
men who have been taught correctly a good chance, we wil! have a 
good deal better welding done everywhere. 


In the matter of actual instruction we can’t place too much emphasis 
on a point brought out by Mr. Rogers of teaching students to analyze 
the defects of their own work. Let a man find out what welding really 
is. Then let him do a job and criticise it himself. A man doesn’t 
know how to weld unless he can tell a good weld from a poor one and 
why the poor one is poor. If more time is given to that and some of 
the refinements, some of the frills, if you please, left out, you will have 
men turned out with a sounder working knowledge of what is required. 


The subject of the length of time required to teach a man is one of 
the best subjects you can pick for a long drawn out argument, because 
every man has a different idea and different conditions. Perfectly sat- 
isfactory welds for certain factory operations can be mastered by an 
ordinary workman in a very short time, but those men after mas- 
tering one welding operation are not welders by any manner of means. 
The sad part of it is, however, that those men go on the payroll as 
welders and don’t know the difference themselves. After being laid 
off they apply to a different concern doing a different type of work 
and say, “Well, I have been on so and so’s payroll for three or four 
years (as the case may be) as a welder.” We are getting away from 
that as the management in different plants gets to learn more about 
it, more about the process and the value of having it under intelligent 
supervis‘on. When they realize that welding is a process that requires 
some care and put somebody with good engineering ability in charge of 
the operations to supervise it, and take the pains to have that man 
thoroughly posted in the operation, the big problem of the human ele- 


ment becomes a pretty small problem. In fact, it becomes no problem 
at all. 


There is one suggestion I would like to make regarding this meeting. 
In my estimation it is a very important and constructive session and | 
think it would be a mighty fine plan for the Society to arrange to print 
the proceedings of this meeting separately and see that the text gets 
into the hands of as many welding instructors in all parts of the coun- 
try as can be found. There is a great deal of valuable suggestions here 
to instructors and I am sure they will] use a good deal of it. 


We can’t compare the instruction given in the trade school with the 
instruction given in a manufacturing plant, and I think that when 
we are making recommendations about how to train welders we should 
bear this in mind: The trade school can only teach a man the fun:\a- 
mentals of welding. The manufacturing plant is anxious to get ‘he 
man to work cn a certain type of production and is going to teach him 
as rapidly as possible to get to work. It is a question for each indi- 
vidual plant to solve as to what percentage of the training in tat 
plant is to be devoted to fundamentals and what percentage to he 
actual practice on the typical production work. 
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There was another point in Mr. Rogers’ paper that was very inter- 
esting to me because I recently saw an example of how nicely it works 
out. He spoke of the care of equipment and the importance of teach- 
ing men to set it up properly. I visited a naval welders’ training school 
two or three times. Most of the work is done on tubing of the same 
size that is used in airplane work. Incidentally, I saw the other day 
some samples of work of students which had been sent out. A friend 
of mine had requested them to send some samples to see what airplane 
joints looked like. Just a little while before that | had visited the 
Aircraft Show at the Coliseum in Chicago, where a number of differ- 
ent types of planes were exhibited. A good many of them were ex- 
hibited in such shape that it was possible to climb around in some way 
and find out how good the welding was. In my judgment the work 
of the students at that school seemed to be fully equal to the average 
work which was done on the planes on exhibition. 


I would say from that that men who are trained by a good man in the 
fundamentals are quite apt to be efficient welders on production work 
in a factory provided they are given a chance to get started properly. 
| know that is a big problem in the mattter of pipe welding which has 
been brought up. It was brought up at a meeting of our Chicago 
Section just a short time ago—the length of time that it takes to teach 
pipe welders. However you can’t expect a big steam fitting contractor 
to make a contract to weld all the piping in a big house or apartment 
building or office building and put all of the work in the hands of men 
who haven’t had any experience. A tremendous amount of welding 
could be done by men who have never been on a job before, by men 
who have been trained in school. A lot of it could be done with good 
satisfaction. But, on the other hand, there would be a whole lot of 
work on the same job which would require expert men. So on big 
pipe welding jobs you must have various grades of men; you need 
experts there in charge to see that the fussy job is done correctly and 
to see that all of the second-rate men are doing at least as good as 
they ought to. 


That point of view, I think, is one that you should take when you 
consider putting inexperienced men to work. Your men have got to 
vet experience somewhere and you can always work them in and give 
them their experience on less important jobs in large organizations. 
if you have honest men, trained properly in the fundamentals, I don’t 
think you will have very much trouble in bringing them along to be- 
come what you would call experts. 


There is just one more point that I would like to suggest in the mat- 
‘er of training and that is every place where we have an opportunity 
make recommendations on teaching a lot of emphasis should be 
piaced on review. The instructor should check up on his own work 
‘hrough reviews to find out how much his men are learning. The re- 
ponsibility is not all on the shoulders of the men. Some of it is on 
ne shoulders of the instructor and it is up to him to find out as he 
es along whether he is going too fast or too slow, and to make sure 
‘hat his men are getting what he is trying to give to them. Otherwise 
ie instruction is a failure. 
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WEDNESDAY AFTERNOON 
F. M. Farmer, presiding. 


Chairman F. M. Farmer, Electrical Testing Labs.: The first paper 
this afternoon, gentlemen, is one that deals with an old and familiar 
friend, the testing of welds. Some of us may have thought, in view 
of the extent of the test data on welds in our welding literature, that 
there wasn’t much more to be said about tests of welds and particu- 
larly of butt joints, but I don’t believe that is quite so. 


The first paper is by Mr. Lobo of the Westinghouse Electric Manu- 
facturing Company and deals with an investigation of butt welds. 


Discussion paper on “Strength of Butt Welds”* by G. Lobo. 


President Llewellyn: I would like to inquire of Mr. Lobo with re- 
gard to the fatigue tests. What number of cycles corresponded with 
the values that he showed us? 


Mr. G. Lobo: We used 20,000,000 cycles before we decided that the 
welded joint had reached its endurance. 


Mr. C. M. Hendry, Supt., E. L. Phillips & Co.: In regard to Fig. 14, 
I would like to inquire where the economic part comes in. I see ne 
reason why the particular cross-section was taken; I see no reason 
why the two butts couldn’t have been brought up closer if the object 
were to save metal. 


Mr. Lobo: We made this distance the same as the thickness of the 
plate. If we made it any smaller we found that it was impossible to 
get good fusion at the start if we welded it at one time, and it was 
difficult for the welder to get his electrode in at the required angle. 
We found that even with this distance the same as the thickness of the 
plate the best the operator could do was to get the electrode in at 
somewhat less than 45 deg. to play on the edge and if it was made 
any smaller I feel that the fusion would be very poor. 


Mr. J. J. Crowe, Air Reduction Sales Co.: I would like to ask Mr. 
Lobo if the increase in strength that he gets with the single V weld 
isn’t somewhat offset by the fact that you are very likely to get the 
notch effect as a result of not getting thorough penetration. 


Mr. Lobo: I can’t answer that question entirely because in our 
joints we backed up the notch. In cases where that isn’t possible | 
am not quite ready to answer it. 


Mr. Crowe: Another question. I notice that the modulus of elas- 
ticity changed with the shape of the joint. Is that the actual modulus 
of elasticity or just some apparent modulus? 


Mr. Lobo: In the case of the curves that I showed it is the measure 
of modulus. We call it that. The modulus can’t change, but if you 
figure the modulus on the basis of the average cross-section of the tes 
piece and the load, the total load, why then we found that it varied, 
but the point was that actually we had a different stress in one part 
of the test piece than in another part of the test piece. 


- 


*Paper published in April, 1929, issue of Journal of A. -W. S. 
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Mr. Crowe: Internal stresses? 


Mr. Lobo: Either due to non-uniform loading or to internal stresses, 
but mostly due to non-uniform loading. 


Mr. Crowe: The third question I would like to ask Mr. Lobo—we 
have noticed very often in making welds on a low tensile plate, a plate 
having a tensile strength of 50,000 or 55,000 lb. per square inch and 
using an alloy steel welding rod, where the break is outside of the 
weld in the parent metal, that we get higher tensile strengths when 
using short gage lengths, such as you have shown there, than the 
actual strength of the parent metal. 

Mr. Lobo: I think we can explain that by saying that in measuring 
the ultimate strength of any plate, we take the original cross-section 
ind the total load, divide the total load by the original cross-section 
and call that our ultimate strength. If we have a weld in here that 
weld has different tensile characteristics than the parent metal. The 
yield point is not so marked and it is not as ductile as the parent 
metal. So that it is actually stiffer than the parent metal. Now, due 
to this effect, the parent metal in the vicinity is prevented from con- 
tracting, so that the cross-section at the point of failure is greater 
than it would be if we didn’t have the weld there. 


Mr. Owens: While Mr. Lobo’s analysis is excellent, yet there are 
some factors which have been overlooked and which m‘ght change 
the results if followed up. For instance, he shows the value of 
the butt weld for various thicknesses of material. If Mr. Lobo did not 
increase the width of the section proportionately to the increase in 
thickness the section tested would gradually approach a square sec- 
tion and I know that this is likely to influence the results. Another 
factor to be considered in applying these tests to practical welding 
work is the introduction of greater thermal stresses in the joint be- 
cause of the additional amount of metal deposited when the 45-deg. 
bevel is used as against the 30-deg. bevel. This alone might over- 
balance any apparent slight increase in ultimate strength obtained 
with the 45-deg. bevel. Taking all in all it is believed that the present 
30-deg. bevel, that is, a total opening of 60 deg. for the weld, now gen- 
erally used by industry, is satisfactory. Again, as a slight reinforce- 
ment of the weld insures 100 per cent strength of the joint this is all 
that can be asked. Where it is not possible to reinforce the weld the 
ise Of a 45-deg. bevel might be practically considered. 


Mr. Lobo: Mr. Owens, I know you have made a good many tests 
the residual stresses and I would like to ask if you actually made 
ny tests on the internal stresses in the 45-deg. joint as compared with 
e 30-deg. joint. 
Mr. Owens: I have not, but my experience indicates that the ther- 
mal stresses are proportional to the heat used. The more heat that is 
sed the greater will be the base metal area on each side of the joint 
iat will be heated and the higher its temperature. Therefore, the 
ore metal deposited the greater will be the thermal stresses. 


Mr. Lobo: I feel that the stresses are mainly due to the last weld 
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put in. The metal on each side of the joint will be heated to a certain 
extent and I guess it is correct to say that it will be heated more with 
the greater angle. However, you have a greater area across when 
you lay in the last bead, which can take up that shrinkage which must 
occur when the metal cools, in the case of a 45-deg. bead than in the 
case of a 30-deg. bead. 


I am not saying that one is any better than the other, but I am say- 
ing that we should make tests on the question before we reach any 
conclusion. In the case of these tests here there were no such thing 
as residual stresses existing to any extent, because they were free to 
move on either side. In such cases I don’t believe 45 deg. is stronger 
than the 30 deg. 


Mr. Owens: While your tests indicate that very valuable informa- 
tion has been secured, neverthless I do not feel that the increased effi- 
ciency obtained with a 45-deg. bevel is enough to justify its general 
adoption in practice. 


Mr. Lobo: Of course I brought out in the end that it is not always 
justifiable to go to the 45, but I do feel if you want to be sure we have 
the best joint we can make, we should go to the 45 deg. 


Mr. L. J. Larson, A. O. Smith Corp.: I would like to ask if any of 
these were annealed or if they were tested just as they were welded. 


Mr. Lobo: All these joints were tested as welded. There was no 
heat treatment given to them either before or after. 


Mr. Larson: In that case wouldn’t it be true that even though the 
specimen is cut relatively narrow, there must be considerable stress 
left in the weld and in the stock, due to the shrinkage of the weld on 
the top layers after the lower layers have been solidified? You get a 
tendency for the cold specimen to bend and that is more true on the 
thick stock than the thin stock 


Mr. Lobo: The bending was not res‘sted in any way so that the 
plates did bend up and thereby relieve most of the stresses. In case 
there were any stresses, they would be greater in the thick specimens 
than in the thin specimens, and as the tests showed that the thick 
specimens were stronger than the thin specimens, I don’t believe that 
would enter into the question at all. 


Mr. Larson: Another point. I wonder if in the thick specimen 
you don’t get a heat treatment due to depositing one layer on another 
which is less pronounced in the thin stock. 


Mr. Lobo: If you do, you get fewer residual stresses. 


Mr. Larson: That doesn’t mean fewer stresses but you get a beiter 
microscopic structure. 


Mr. Lobo: I don’t think so, because the last joint in any case, the 
outside, would be the same whether it is thin or whether it is thick, 
and the failure will start in a weak structure anyway on the outside 
and progress inward. So that I don’t believe that we can give ny 
added strength to that factor. I may be wrong but that is my opin on. 
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Mr. Larson: One other question. Did you determine the ultimate 
elongation in these welds after failure? 


Mr. Lobo: No. We didn’t do that because it is very hard to get. 
If we take the elongation across there, it is a very smal! distance and 
we can’t measure it with any accuracy. 


Mr. Owens: The point raised by the last speaker of relieving resi- 
dual stress by heat treatment should be considered on these tests. 
While it would not be necessary to consider heat treatment for all 
angles of bevel and thickness of material used in the test, neverthe- 
less its effect on the results should be taken into consideration. ‘The 
specimens tested might be heated to 1150 deg. Fahr. The other factor 
which has previously been mentioned and which should be considered 
is the ratio of width to thickness of specimen, this should be kept con- 
stant. The shape of the tension test specimen adopted by Mr. Lobo 
wherein the stress is concentrated in the weld is excellent and should 
be adopted as a standard. 


Mr. Lobe: As far as the heat treating goes, I can say that tests 
are now in progress in which specimens are heated to different tem- 
peratures so that we will be able to settle the question before the next 
meeting of the Welding Society. It becomes rather difficult with 
testing equipment available to keep the ratios of thickness to width 
the same. 


Mr. Owens: I fully appreciate your problem. I am only requesting 
that final conclusions be not drawn from these tests until the factors 
[ mentioned are given p-oper consideration. 


Mr. H. A. Anderson, Bell Telephone Labs.: I think that Mr. Lobo 
has enough material to give us some curves showing the relationship 
between strength of weld and ratio of width of the specimen to thick- 
ness of the plate material for the test specimen. 


He has spoken about the limitation on the width of specimens as re- 
lated to the capacity of the testing machine. We have had occasion 
to test some specimens of joints in *%-in. plate material in %-in. wide 
specimens, and 1'%-in. wide specimens, and there appears to be quite 
a decided difference in the results. This is indicated by Mr. Lobo’s 
table in which he shows a value of ultimate strength of 56,000 on 
page 57 for the %-in. wide and only 47,000 for corresponding 3-in. 
wide specimens. 


It would be highly desirable if he could show some tables from his 
studies so that we could estimate the strength for a standard width 
of specimen from the results obtained on a type of specimen which is 
within the capacity of our testing machine. It would seem logical, 
also, for him to tie in his data on his proposed constricted width speci- 
men with the corresponding strengths on the American Bureau of 
Welding standard specimen. 


Similar information should be given to show the effect of changes in 
free length of the specimen between the jaws. This seems to de- 
‘crmine, in many instances, whether the specimen is going to break in 
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the weld or in the parent metal. I would like to see this added to th 
valuable information that is given in the paper. 


Chairman Farmer: If I remember correctly, I didn’t notice a record 
of the number of tests which are involved in each of your averayes 
Am I correct in that? 


Mr. Lobo: I stated that there were a total of 112 tests made in 
the large table. 


Chairman Farmer: Perhaps the information is there but the ygen- 
eral point I would like to make is that in a record of this sort it is 
always pretty important in the final conclusion to know the number of 
tests which are involved in a given average or a given point on a curve 
so that we can know how much weight to give to it. It is better 
yet to give all of the individual results so that we can determine the 
average deviation from the mean. 

Mr. C. D. Jensen, Lehigh University: The structural engineer is 
always interested in the modulus of elasticity and in the proportional! 
limit. I notice in comparing these values of Mr. Lobo’s with those 
given by Dustin, a Belgian professor, in a paper which came out about 
a year ago, that the modulus of elasticity compares very favorably i! 
one considers in Mr. Lobo’s paper only the good specimens—thos« 
that develop say 50,000 lb. per square inch. I think possibly that one 
ought to discount the modulus for the poorer specimens because i! 
measuring the modulus of elasticity on a weld which is imperfect, ther: 
must be some variations in stress, some slipping and other things otf 
that nature going on internally which upset the regular elongation of 
the weld metal. 

The proportional limit does not agree as well with that given in 
Professor Dustin’s paper as the structural engineer would like to have 
it agree. However, two entirely different kinds of welding rods wer 
used in the two investigations, which may account for the differenc 
I think it highly important that the proportional! limit or else the yield 
point be established for the weld metal of many different welding 
wires. If important differences are discovered, the welding wire spe- 
cifications, especially for structural work, should be amended to in- 
clude a minimum value for the proportional limit or yield point of th 
weld metal as found by some definite test procedure. 


Mr. Lobo: I would like to answer that last point first. We wer 
treating here a study of the variables of the angle, thickness and the 
single and double V, and I felt that the study of the probable minimum 
or the absolute minimum was out of place in this paper. It is a \ 
interesting study but one that requires a great deal of time. 


As far as modulus of elasticity is concerned, I think that the point 
that was brought out is very good. If we stated that the modulus 
elasticity of the welded material is always the same, then if we find th 
modulus of elasticity to be lower, we can assume there were some 
places where we didn’t get weld metal and that there were irregular 
ties that lowered the modulus of elasticity and brought it down be! 
the value we would expect. 
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Mr. R. M. Allen, American Car & Foundry Co.: I would like to ask 
Mr. Lobo if, in the determination of the failures on the straight-sided 
test specimens which failed outside of the weld, the failures repre- 
sented a failure at a lower value than that of the parent metal itself. 
It strikes me that if such were the case, there is an indication that 
the weld itself might affect the strength of the metal outside of the 
weld. I bring this up because in my own experience the failures that 
[| have s2en from welds frequently occur outside of the weld. The 
study, even when it is confined as Mr. Lobo just mentioned, to varia- 
tions in the angle and the single and double V, should still take into 
account the effect of all of these types of welds on the nature of the 
parent metal each side. 

Mr. Lobo: We found in almost every casc that where the failure 
did oceur outside of the weld it occurred at a higher stress than we 
got from making tests in the parent metal without any welds. I think 
that I brought this out to some extent before when | said that this 
was due to the fact that the weld prevented the parent metal from con- 
tracting and necking down. It is difficult to state that the presence 
of the weld affects the strength of the parent metal in the vicinity of 
the weld, although from other tests that I didn’t report here I fee! 
that it doesn’t affect it to any great extent, because we have had fail- 
ire occurring 4 or 6 or 8 in. away from the welded joint at values 
expected from the particular steel we were using. 

| feel that the microscopic structure is affected by the heat of the 
welding, but due to the stiffness of the welded joint making the effec- 
tive section greater, we will find that it doesn’t weaken it enough to 
cause failure near the weld. 

Mr. A. M. Candy, Westinghouse Elec. & Mfg. Co.: I find that we 
are all inclined to hunt for additional variables in our testing work 
and I am just a little bit surprised to find that Mr. Owens overlooked 
one that happened to pop into my mind as I was sitting here looking 
over this paper and that is the question under Item No. 1 on page 53 of 
Mr. Lobo’s paper giving the variation for the parent metal. He omits 
the question of temperature of the parent metal. It seems to me there 
is a possibility for those who are considering welding structures out 
of doors to be interested in the initial temperature of the plate which 
is worked on. We might carry out a series of such tests starting with 
the various initial temperatures of plate material. That might work 
around to the point where we might supply each operator with a pyrom- 
eter that he could carry along with him and not try to exceed certain 
temperatures. 

Getting down to the bottom of some of these question which are 
under dispute I believe that tests of this order will have to be car- 
red out with automatic welding equipment to eliminate the human 
‘ation. Some conclusions which might be drawn which only vary 
15 per cent from each other may very readily be due to the opera- 

Even though the same man welds all specimens, his tempera- 
nt varies from day to day and the results vary accordingly. I think 
' is evidenced by the figures given on page 54 of Mr. Lobo’s paper, 
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where we find the beveled joint as shown by No. 3 (which is certain|) 
a highly undesirable type of joint), showing even greater strength 
than No. 4, for example, which, to my mind, should be very much 
easier to weld. It looks to me that the operator in making No. 3 had 
exerted himself a great-deal more than he must have when making 
No. 4 in order to get a result anywhere near as good as he did. For 
that reason I think such tests should be checked by automatic weld. 
ing as well as by hand welding if we are going to get down to the 
basic facts. 

Mr. Hobart: Mr. Lobo spoke of having the plan of making some 
heat treatment tests that will be published later. I wonder if he would 
at this time be prepared to state in a general way the nature of the 
program he will. be following. 


Mr. Lobo: We have chosen only one type of joint for these tests as 
we don’t want to complicate them any more than necessary and we are 
taking a 45-deg. single V and welding up plates of different lengths 
and making them all %-in. thickness. Then we are heat treating these 
to five different temperatures which are 400 deg., 1000, 1550 and 1700 
deg. Fahr. After heat treating we will make tensile test pieces and 
fatigue test pieces and impact test pieces, and they will all be exactly 
similar at different temperatures. After we have finished them we 
hope to be able to compare them at the different temperatures. That 
is a program which is now under way and that is all we have planned 
for immediate work. There will be more later when we get this 
finished. 


Mr. M. Male, Massachusetts Institute of Technology: Would it be 
apropos at this time to introduce a pictorial representation of the 
actual conditions that exist within a welded bar? I have in the last 
two months, in connection with certain work I have undertaken to 
perform for the Structural Committee of the American Welding So- 
ciety, done some photo-elastic work in the laboratories at M. I. T., and 
though the discussion has at present concerned butt welds, the speci- 
mens I have are those of fillet welds. I have brought down with me 
two or three slides that show pictorially and accurately the actual con 
ditions that exist within the body of the welded pieces. If it would 
be of interest I would be glad to exhibit them. 


This picture that you see here on the screen (Fig. 1) is being shown 
for the first time. It is an actual picture of what occurs in the bod) 
of a celluloid model of the joint in question. The large bar that you 
see on the right, bar “A,” is the main bar. This other bar that extend: 
from the left, bar “B,” is the strap that joins the two bars that ar: 
gripped within the jaws of the testing machine. The dark rectangular 
areas shown on both sides of the strap.are the fillet welds themselves 


Mr. Lobo’s discussion mentioned something about the desirabilit) 
of avoiding undue concentrations of stress. The picture, I think, show 
fairly clearly what happens. The stress lines in the body of the ba: 
at some considerable distance back are fairly uniform. As the stress 
lines approach the strap they must change their direction from a hori 
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ntal one into an inclined direction to pass through the fillet and 
then transfer into the strap and get out the same way. The black 
reas in the centers of both bars are regions of zero stress where the 

ess lines, to get into the fillet and into the other bar, have skirted 
his area and come down through and got into this bar. It is 
rather difficult to show, but I think you can see that more or less in this 
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, lt was obvious from an inspection of the results and from a measure- 
, ment of the stresses existing in this particular specimen that the in- 
| tensity of stress at this particular section, which measured the high- 

est, was twice that of the uniform stress some distance back in the 
ody of the bar. 

; The peculiar impression that the stress lines show here is due to 
the fact that in pulling the tensile specimen itself there was a ten- 
lency for this piece to bow in and what you see here as a little dark 
: area is a very high concentration of compression instead of tension. 
4 (he area surrounding it is a tensile area. This concentration is a com- 


pression area. The piece of steel, if tested in a testing machine, would 
not fail in the fillet, as it was intended to fail, but due to the fact that 
the load taken by the cross-sectional area of this bar was small com- 
pared*with the load that the 2-in. fillet could take, the bar would rip 
ut along the lines shown by the stress lines. 


This slide (not illustrated here) is an enlargement of the corner of 
the previous slide shown where the entire area shown here (Bar A 








28 JOURNAL OF THE A. W. 8. [July 


left, upper and lower ends of bar) is considerably dark, showing that 
there is no stress existing in this part of the model at all, and insofar 
as any effects on the test were concerned it might just as well have 
been cut out for every particle of stress that was in the main body 
was transferred into the smaller strap before it got into this area. 


The obvious results from a study of the stress determination and 
from the pictures show that the bars themselves had to be proportioned 
to stand as much load as the fillets could take before the latter be- 
came overstressed and were relieved of their load by the tearing out 
of the bar itself. 

The third slide shows a very slightly different type of test speci- 
men (not illustrated here). These two bars are of equal cross-section 
and they are overlapped to the extent of 2 in. as called for in the speci- 
f'-ations, the weld being a band weld along the edges of the specimen, 
the area shown here being the weld itself. (Specimen 6821.) You can 
see fairly conclusively, I think, just what the effects of the stress 
concentrations would be on a model of this sort. The tendency would 
be, if the slightest bit of eccentricity were present in a joint such as 
this, to rip out the corner immediately adjacent to the fillet and that 
the fillet instead of taking a uniform load along its length would be 
ripped off and sheared completely across. 


This particular model failed at a load 11 per cent that of the other 
model, though the cross-sectional areas of the two pieces were exactly 
the same. That, I think, shows in some measure (and it is authentic, 
gentlemen) just exactly what happens inside the body of the joints 
when they are subjected to a pull. The concentrations of stress show 
up. The intensities range from the yellow to the red to the blue, get- 
ting not quite into the second order and if the particular joint were 
so constructed as to take a higher load, another distinct order of 
color would appear, each particular order representing a different 
stress intensity. It isn’t very often that one can see actually what 
happens inside and I thought perhaps it might be of general interest 
to the gentlemen of the society to introduce those now. 

Chairman Farmer: This is a most interesting contr:bit on by Mr 
Male of the Massachusetts Institute of Technology. I wonder if Mr. 
Male wouldn’t just like to say a word as to how these models are made 
and how the pictures were taken because some of us may have for- 
gotten about the development of this method of studying internal 
stresses with celluloid models by Professor Coker of England a few 
years ago. 

Mr. Male: Instead of using steel for the models, we at the labora- 
tory have used celluloid which possesses among other things, the three 
properties that render its behavior under load the same as the behavior 
of steel. In other words, it follows the natural laws of equilibrium, 
it will exhibit small deformations under great loads, it will obey 
Hooke’s law until the elastic limit, and it is a homogeneous materia! 
throughout; so that in any ‘calculation or in any determination of 
stress the modulus of elasticity of the material passes out and one 
only needs to deal with the stress itself in the body. 
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We took for purposes of comparison a model, Specimen 2122, which 
conformed exactly to the specifications laid down by the structural 
welding committee and I think I may represent the model as follows: 
Looking at it in plan, these bars being 14 in. long, it was possible to 
grip them in the jaws of the testing machine near the ends so that 
the stress distribution, by the time it had reached the body of the 
bar, was quite uniform throughout its entire width. The job that 
we had with this particular type of joint was the joining of these two 
bars together in such a manner that the conditions would more or less 
conform to those that actually existed when two bars or three bars 
\f steel of that type were welded together. 
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Ve cut out from the same material that the celluloid sheets were 

ade of, triangular fillets of the dimensions laid down by the commit- 
and glued them to the two bars with a solution of celluloid in a 

suitable solvent to make them stick. We tried particularly to see that 
more or less got identical conditions. To do that we were fairly 
reful to see that when we glued those bars together we allowed 
ugh leeway between or enough clearance between the two models 
that some of the sticking solution would escape for perhaps \% of 
inch underneath the body of the strap. We tried in that way to 
re or less conform to the condition that if you got penetration or 
ion in the steel itself you would get perhaps that much anyhow. 
"hen we set the model up in a loading machine and we took a load 
about 400 Ib., I think, to start with, which we weren't at all certain 
vould carry, and when it held the 400 lb. we increased it to 500 Ib 
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The property of celluloid in allowing light to pass through it is not. its 
only property. When circularly polarized light is sent through a suit- 
able arrangement of lenses, nicol prisms and quarter wave lenyth 
plates and is passed through the specimen in a vertical condition, as 
shown in Fig. 2, the light is broken up into two component rays at 
right angles, each particular ray vibrating along a line of principal! 
stress. In any body under stress there are two lines of principal 
stress at right angles to each other and this circularly polarized light 
has the property, when passing through the model under stress of be- 
ing broken up and made to vibrate along those two particular lines of 
stress. Then, passing the light through another series of lenses, quar- 
ter-wave length plate and nicol prism, we are enabled to throw the light 
on a screen, showing in colors the stresses produced by the loading. 


The purpose of the quarter wave length plate and the nicol prism 
was, first, to make the light vibrate along a certain definite line in 
one plane only. The quarter wave length plate set up an interference 
effect by which we could get colors in the model and the second series 
cut out those that we did not want and only gave us those that we 
wanted to measure. 


To measure the actual stresses in the model was fairly easy and it 
is accurate (if carefully done) to within 2 per cent of the load that 
we put on it. 


In series with the particular model that we had, further along down 
in the series of the lenses, we put a comparometer which was more or 
less shaped according to the standard tensile specimens of the A. S. 
T. M., being a bar about six inches long, of approximately a tenth of 
an inch cross-section, a known load being applied on that by means 
of a dynamometer. The light from the model was made to pass 
through the comparometer and the superimposed light then allowed 
to fall on the screen. 


When the tension in this comparometer was exactly equal to the 
tension at any particular point we wished to measure, the direction 
of this comparometer being at right angles to the direction of stress, 
then the net result was, well, blackness, there was no color there. By 
screwing up the dynamometer until we got a complete blacking out 
of all color, we could then record what the actual stress at any par- 
ticular point in the model was. 


We took a number of stress lines, 24 in number, followed them 
through as they went through the fillets and into the strap and then 
out the other end, and we computed, or measured rather, the stress 
in 148 points along the lines of stress. The measured stress, how- 
ever, was not a principal stress; it was a difference of the stresses. 
If one of the stresses might be called a “P” stress and the other 4 
“Q” stress, the stress that we obtained from the measurement of 
the load in a known cross-sectional area was a difference of the ‘w' 
stresses. It became then a problem of breaking up the differe..ce 
of the stresses into each of its component stresses. 
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Fortunately, we were able to do that fairly easily. We knew that 
in a section away from the fillets where the stress was uniform there 
was no stress normal to the ege of the bar, and we knew that all of 
the stress was existing in one direction only. We then measured 
the stress. Since one of the stresses was equal to zero and the other 
stress had that particular measured value, then by means of a mathe- 
matical formula laid down by Professors Filon and Coker, of the 
University of London, it was possible then to integrate from one 
point to the other and come out with each individual value of the 
stresses. 
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As a check, we computed, along one section where the stress lines 
were inclined, and another section where the stress lines were 4]! 
straight, the various stress intensities that were measured, and w: 
plotted them into a curve, Fig. 3, the maximum stress being at the 
edge, of course, where the tangential stresses are usually a maximum. 
By means of a planimeter, the area underneath the curve was com- 
puted, and multiplying it by the thickness of the bar itself, we got 
a computed load of 412 pounds against a known load of 400 pounds, 
an error of three per cent, which, we felt, was fairly accurate for 
such experimental work. The other determination came quite as close 
as that, and we felt that the results we had were authoritativ: 
enough so far as they attempted to show what happened. 

Chairman Farmer: I am sure you will agree with me in feeling 
this has been a most interesting diversion. Is there any further dis- 
cussion of Mr. Lobo’s paper? 

President Llewellyn: It is a remarkable thing how different people, 
thinking on the same problem in different places, come to the same 
conclusion by different methods. It happens that while the M. I. T. 
experiments were with celluloid models, similar results with stee! 
bars have been secured, and are still continuing at the University of 
Pittsburgh, except that instead of using polarized light, a special! in- 
strument was used that measured deformation. Prof. J. Hammond 
Smith has that work in charge. The specimens were furnished 
through the courtesy of our friend, Mr. Danforth, by the Jones- 
Laughlin Steel Company. Prof. Smith has completed up to date 12 
sets of tests. Every one of the twelve shows a shear curve in genera! 
conformity with the M. I. T. stress distribution, extending from a 
maximum at the ends to a minimum at almost the middle, but in 
each case just at the middle there is a slight hump. That is to say, 
the readings taken a quarter of an inch each side of the middle are a 
little bit more than the reading at the middle. 


Prof. Smith was here last week and I had the pleasure of discussing 
this matter with him. We concluded the only way to find a physica! 
explanation for that littke hump would be to make celluloid models 
and investigate them in exactly the manner that we have just heard 
has been done. How numerical values correspond I couldn't say 
offhand, but the correspondence in general results between these 
model tests at M. I. T. and the steel bar tests at the University of 
Pittsburgh is truly remarkable. 

Mr. Candy: In listening to Mr. Male’s description of celluloid mode! 
tests, I think they are fine work, but there is one point that occurred 
to me that probably occurred to several of the rest of you, and that 
is the fact that in laying in these fillets, to duplicate the fillet welds, 
the conditions of welding are not duplicated. In other words, in 
making a fillet weld by actual welding, you build up your stresses 
along the length of the fillet as the metal freezes, and it freezes ver) 
rapidly, whereas laying in these triangular prisms of celluloid with 
the binding cement doesn’t build up stress along that length of 
prismatic celluloid the same as we do in welding. 
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If somebody could devise a way of getting a bond in celluloid in 
4 manner simulating as closely as possible putting down the weld 
metal, maybe our stress concentrations would be even worse than 
indicated by the celluloid specimen. 


Mr. Owens: In reply to Mr. Candy, | will say that a few years ago 
| tested some welded joints similar to that used in the celluloid model. 
In these specimens the base metal and not the weld failed, due to 
the stress distribution clearly shown in the celluloid model. I have 
such a sample in my office today. The method used to prevent shear- 
ing of the base metal was to lengthen the fillet welds parallel to 
the lines of stress. 


THURSDAY MORNING 
April 25th, 1929 
The Third Technical Session convened at 10:00 a. m., Mr. 
Llewellyn presiding. 


President Llewellyn: The first paper is by Mr. A. Vogel, of the 
General Electric Company on the “Design of Joints for Welded Steel 
Structures.” Several of us have heard Mr. Vogel speak at previous 
meetings, and I am sure that we shall be very much interested. 


Discussion Paper on “Design of Joints for Welded Steel Struc- 
tures,”* by A. Vogel, General Electric Co. 


Mr. A. Vogel: Mr. President and Gentlemen: The paper entitled 
Design of Joints for Welded Steel Structures” has been published in 
the April Journal of the American Welding Society. In addition to 
paper, you may be interested in the inspection, on April 23rd, of 
the welded steel structure of Building No. 1 of the West Philadelphia 
Works of the General Electric Company. This building is probably 
e largest welded structure built to date, as it contains approximately 
ne thousand tons of steel, and is one hundred and forty feet wide 
five hundred and fifty feet long. The building contains about 
nty trusses of 80 ft. span, about twenty of 60 ft. span, and about 
even of 75 ft. span. In addition, it includes crane runways of the 
usual bridge crane type, and also two crane runways of the wall type. 
The inspection was made for the purpose of discovering whether any 
defects had appeared after about one year’s service, and also to be 
able to report to this meeting just how a welded steel] structure stood 
ip under service. 


1? 


is a pleasure to report that a very detailed inspection failed to 
disclose a single joint which showed any defects whatever. The 
building is in perfect condition. The cranes have been frequently 
led to maximum capacity, and there has been no criticism what- 
er regarding any part of the building frame. There 
therefore, in recommending welding for industrial 

iere cranes of various types are used. 
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In preparation for some of the tests reported in the paper, interest 
ing studies were made. For the benefit of those who have not heard 
of these studies, they are presented at this time. A series of rubber 
specimens, imitating specimens used for testing metal are welds, were 
made, with lines drawn on the specimens with India ink. The rubber 
specimens were “‘welded” to a basé plate of rubber with glue along 
the edges imitating welds. Five typical connections were made. The 
specimens were then stretched in order to observe distortion pro- 
duced by tension. In three of the specimens the welds were placed 
symmetrically with the center line of the specimen, and the center 
lines of the specimen remained straight lines after application of 
tension. Two of the specimens, however, were “welded” non-sym- 
metrically, and curved center lines indicated that additional stresses 
were set up in the specimens due to non-symmetry of the connections 


Another interesting study was the use of a rubber model of plates 
in tension with the connections made by placing five rivets in a row. 
It will be of interest to know that when the specimen was placed in 
tension, the outer rivets were firmly held, the rivets between the 
outer rivets and the center rivet were lightly held, and the center rivet 
could be removed without effort. Apparently all rivets did not take 
their share of the load, the outer rivets taking most of the load, the 
center rivet taking no load, and the rivets between the center and 
outer rivets taking probably one-half the load the outer rivets take. 
Of course, a rubber model test cannot be quantitative, but it may 
be indicative of what is going on in a group of rivets. A mode! is 
available and will be passed around so that all interested may 
examine it. 

President Llewellyn: We are very much indebted to Mr. Vogel for 
his illuminating, practical and detailed description of these structural! 
methods. The meeting is now open for questions or suggestions which 
should preferably be restricted to the welding of structural stee! 

Mr. Candy: Mr. Vogel is certainly to be congratulated upon this 
very thorough and interesting paper which he has presented here 
today. As I told him out in the hall a while ago, I consider that his 
paper (in the light of my limited experience with structural steel 
welding), is undoubtedly the best paper that has been presented to 
date on this subject. He has brought out a number of points which 
must be considered by the structural design engineer if his welded 
structures are to prove successful. 


The question of designing trusses, for example, taking advantayve 
of the fact that designs can be worked out whereby the center 
gravity of the various members intersect at a point, is one which must 
not and cannot be overlooked by the designing engineer. As a matter of 
fact, welding in the structural field has produced certain by-products 
the same as it has in the field of constructing machinery by welding. 
In the latter field, the foundries have been given some competiti 
They have improved their methods, and in many cases we are getting 
castings considerably cheaper than in the past, and as a by-prod: 
of welding in structural steel work, we are getting a new school 
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ilesign in structural steel construction. If the designer is to produce 
successful designs, he must take into consideration all of the points 
hich Mr. Vogel has raised. 


| think Mr. Vogel is also to be congratulated on account of publish- 

gy the design tables which are certainly very useful, and show his 
broad spirit in making them public so that everybody can use them, 
nstead of keeping them for himself only. 


In the case of some connections, which Mr. Vogel has mentioned, 
there certainly is room for considerable further study. For example, 
take a beam to a column connection, the question of whether or not 
side angles should be used to connect a beam to the column or whether 
the bean can be connected to the column by weld metal directly, as 
to what effect the bending stresses are going to produce in the welded 
onnection, has not been thoroughly demonstrated up to the present 
time. 


In the case of truss construction, if the centers of gravity of the 
rafter—bottom cord and the column do’not intersect at a point, ec- 
centric secondary stresses result. If the designer is not careful he 
may overlook the fact that he has either got to make his gusset plate 
large enough to carry those stresses’ further back in the structure, 
where they will disappear, or some other expedient must be used in 
that particular connection. 

Those points are quite frequently overlooked, and as a by-product 
again of welding, the designers are giving a great deal more thought 
today to their riveted structures than they ever did before. It has 
been pointed out by a good many people that we actually in a great 
nany respects know more today about welded designs than has been 
known about riveted designs for the past forty years. 


Those are just a few thoughts that I had in connection with Mr. 
Vogel’s paper. We are all interested in the latest developments, so 
| brought along a few slides illustrating one of the largest projects 
which is being constructed for us at our Trafford City works in 
Trafford City, Pa. If we can have the slides, I will show you what 
s going on. 

Incidentally, I might say that, as Mr. Vogel mentioned, we have 
yone entirely to welded buildings for our plants. At the present time 
we have a total of 13 buildings at our various plants which are being 
structed by welding, and another building, the contract for which 
as just been let, and severa! more in the future. 


The first ohe was the Sharon Building, and inspection of it at fre- 
juent intervals has shown all the welds are still intact, that building 
aving been constructed in 1926. The bridge at Chicopee Falls, Mass., 
as been inspected regularly by the railroad companies and at inter- 
als by a representative from our own company, and with the 
xception of the initial crack, which all of you heard about, no further 
rouble has developed in that bridge. 


The building Fig. 1, is just now being completed, and is quite a 
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project in itself. We are calling it four buildings, due to the fact 
that there is a very decided difference in the various types of co: 
struction. The left hand structure is about 440 feet long by 62 feet 


wide. The right hand structure is 460 feet long by approximately 











100 feet wide, and this is about 133 by 60, giving 100,000 square feet 
floor space in the building. There are various types of construction in 
the left hand structure, as you can see, a portion being three stories 
in height and the rest of it being single story construction. 


To carry a steamline from the existing foundry plant over to this 
building, which is being erected, an overhead bridge construction was 
made, by welding, on columns at about 100 intervals, and this stean 
line, which is a standard 12-inch line with expansion loops in it, 
entirely arc welded. It was an interesting thing to note that t! 
only difficulty experienced with that line was at the connections 
the ends of the loops, which were bell and spigot connections. Al! 
of the connections in the straight pipe were standard bevel constru 
tion with butt type joints, and none of those joints showed any lea 
age under test at 150 pounds pressure, but a few of the bell and 
spigot joints at the ends, where plug welds were made through holes 
into the inner end of the pipe, showed some leaks, but none of then 
were sufficiently serious that they couldn’t be stopped by simply cente: 
punching the hole. The entire line is 2250 feet long from its origi! 
source to the end in the building. The bridge construction is 15! 
feet long. 

There are a couple of questions I would like to ask Mr. Vogel | 
fore I close. 

In the first place, in constructing one of the buildings at East Pitt 
burgh, the roof truss members were made by splitting Carnegie bean 
and the panel members were also made of T’s coming in at the pro} 
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points. The ends of these T’s were split so that they would slip over 
the webs of the bottom chord and rafter T members. There has 
been some question as to whether that design is really necessary, or 
whether angles for the web members are satisfactory. I would like 
to have some light on that particular question. 


rT 


There is one statement made by Mr. Vogel that I didn’t quite un- 
derstand; on page 72 Mr. Vogel says that “truss lines should intersect 
at a point and loads applied to the trusses should be applied at these 
points.” That is evident, but the next sentence says, “The center of 
yravity of the truss members and the center of gravity of the welds 
applied at the points should coincide with the truss lines.” The 
question of the center of gravity of the welds coinciding with the 
truss lines—I don’t just see what Mr. Vogel means, and | would like 
to get a little more information. 


Mr. Vogel: Mr. Candy’s two questions will be answered in order. 


We have not used the method of slotting T’s described by Mr. 
Candy. At Bridgeport, Conn., where a similar design was used, either 
single or double angles were used for web members and these angles 
welded directly to the webs of large T’s obtained by splitting Carnegie 
beams. The chord members were large T’s and single angles were 
used for web members. In order to reduce cost, it was necessary to 
weld the single angle web members onto one side of the T-shaped 
chord. The web members however, were located alternately on 
either side of the webs of the chords. The vertical angles were placed 

one side of the web of the chord, and the diagonal angles were 
placed on the other side. For the Bridgeport trusses it was considered 
that this method was as near to the correct theory of truss design as 
necessary and entirely satisfactory. 


With respect to the second question regarding truss lines inter- 
secting at a point and center of gravity of welds and truss members, 
etc., it Was meant that the load should be applied vertically above the 
point of intersection of ‘truss lines, that the center of gravity of 
hord and web members should coincide with truss lines, and that 
the center of gravity of all of the welds applied to any one member 
should also coincide with its own truss line. 


President Llewellyn: Mr. Danforth’s name was mentioned. Have 
you anything further to add, Mr. Danforth? 


Mr. G. H. Danforth, Jones & Laughlin Steel Corp.: Mr. Chairman, 
ifter Mr. Candy’s talk on North Trafford, about all I can say, as far 
that job is concerned, is “thank you.” 


| think Mr. Vogel’s paper most excellent. I don’t know just what 
‘ation it has to a monograph that was put out by Dr. McKibben on 
‘ sume Philadelphia job (its matter is more or less similar) but the 


papers taken together form, to my mind, the best published ma- 
‘ial on structural welding that there is in the United States today. 
have unly handled three welding structural jobs, of which Mr. Candy 
entioned two. Every job that has been handled has had its lesson 
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American Welding Society We have one official represent 
A. W. S. who is charged with keeping us in touch wit 
ying 1] ie American Welding Society, an 
he necessary researc! WOTK 
one meeting in Chicago last March whic} 
Of course, this was more of an organization n 
struck me at that time was the lac] informat 
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ndustry if the standard gr: 


iscretion on the part of 


Yr an 
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given difficulty in welding? 


ross-section 


President Llewellyn: Have we 1y informati 
n response to his question? It is ; ry practi 
grades are in use today, and I believe they are givi 
anybody h found trouble which he attributes to the 
that information shoul » given to Mr 


yr otherw ise 


Mr. Owens: In our work we have used various grades of 


is, ship steel, structural steel and flange quality steel and si 
found nothing to indicate that these steels are not satisfactor 
lass of work for which used. However, I believe that we 
keep the carbon content low. For ship steel, I have hopes t! 
caroon content which is now approximately 0.2! ‘cent will, 
ing is more extensively used in ship construction, be reduced 
proximately) 13 to 0.18. I have found that the higher the 
content of the steel the greater is the effect on the base 
early demonstrated by running a bead on the surt 
various carbon content and bending the specimen ir 
tion of the bead. When bent so that the bead is 
le of the specimen the angle of bend will depend on the car! 


If tne spe men 18 Dent WItNn ie bpead on tne compres 


specimen, the specime in in general 
In making this test the be 
ng only the hardened fusion zone, whilt 
lowed to remain as deposited. This effe: 
the strength of the welded joint should be care ’ 
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ngle strap lap joints. Should the opening between the joint 
the latter form of joint be less than five times the thickness 
material joined and the carbon content is 0.25 per cent, the s] 
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President Llewellyn: That is for ship material. 
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Professor Dibble: Mr. Vogel’s questions as to the type 
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dent Llewellyn: We have run a little beyond « scheduled 
he next session will occur at two o’clock in this room this 


sday Afternoon, April 25, 1929.—The Fourth Technical Session 
ed at 2:15 p. m., Mr. A. G. Oehler presiding. 
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nen: I don’t think it has ever been my pri‘ 
eeting of more peculiar interest to me. In 


presented to vou this afternoo 


t} 
reason they are of 


ne transportation field 
t. One has to do with 
is an application of thermit 


And that isn’t all; in one 





16 JOURNAL OF THE A. W 


is applied to uncommonly used metals and in the other case it 
mlication is an innovation which none of the old-timers in the ra 
field are very ready to accept. 

Certainly, having heard these papers, no one can leave this mi 
with the idea that they know all about welding or what is gx 
be done with it. 


The first paper is entitled, “Welding in the Aircraft Ind 
by Mr. R. M. Mock, of the Bellanca Aircraft Corporation 


Discussion paper on “Welding in the Aircraft Industry,”* by 
Mock, Bellanca Aircraft Corporation. 

In view of the extreme difference between the two papers, 
it will probably be desirable to dispense with the bulk of the 
sion on the aircraft paper before we start the other one. 
offer one suggestion. Mr. Mock has mentioned the desirabil 
using chrome molybdenum steel in aircraft construction. |] 
here is considerable research work being done on that in som: 
ters now. If there is someone here who could shed light on the 
of welding on this material, I think it would be particularly 
priate. Isn’t there some gas welder in the room that can hel 
on this? 

Mr. Mock: To my knowledge all the research that is being 
on in aircraft welding is being confined to chrome molybdenun 
and for that reason we have nothing to contrast it with. Fr 
results we know what we may expect of chrome molybdenun 
don’t know what may be obtained in the other materials. | 
no extensive tests that are being conducted in carbon steel 


Chairman Oehler: Would you care to enlarge at all on 
of it—just what does welding do to chrome molybdenum? 


Mr. Mock: It appears that chrome molybdenum has a cert 
hardened property which in our light-gage material gives 
of heat treatment on cooling. That is the impression that 
and for that reason we buy our sheet stock in the annealed stat 
after working it, bending it and forming it in the annealed 
when we weld it, the heat of welding and the air cooling giv: 
air-hardening which is equivalent to an ordinary normalizing 
welding we calculate our chrome molybdenum to have a stre! 
normalized material of 95,000 lb. per sq. in. Heavy parts 
malized after welding. 


We obtain all our tubing in the heat-treated state. Ther: 
nealed portion adjacent to the weld which is the reason why 
only use a coefficient of fixity of half of that which is norn 
quired. We calculate our long columns half way betwee: 
joint and a full joint. We go to all sorts of extremes to « 
continued annealed areas around a tube. If we have a tube 
subject to bending stresses, we don’t want to have an annealed 
completely circling that tube where the bending occurs, be 


*Paper published in April, 1929 1e of Journal of A.W 
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we are positive it is going to fail in that annealed portion. 
ften go to very odd-looking shapes in order to distribute that 
led portion along the tube rather than have it completely circling 
d it. We sometimes have it zig-zag up and down the tube and 


around in this way, producing a sort of fish mouth. 


Chairman Oehler: Any one care to enlarge further on this angl 

President Llewellyn: I confess to ignorance regarding one expression 

ir. Mock used. I don’t know and would like to know exactly what 
nt by the coefficient of fixity. 

Mr. Mock: In all columns in all sorts of structural work the colum! 

th depends upon the method with which the ends are fixed. If we 
long column or a beam, you might say, subjected to an axial 
he ends are pin jointed or free to move, we can get a higher fibe1 
n that column and it is much weaker than if the ends were 
supported, such as if they were set in concrete. If we took a 
be and set it in concrete we might say it had complete fixity at 
while if it was supported on a point at the end we would sa) 
pin-jointed. We calculate something half way between because 
fact that our annealed portion is not full fixity. 

President Llewellyn: Very largely, but not quite. In the structural 
e have the same proposition, but we express it a little bit 

Of course I understand that the strength of a strut de- 
n its degree of fixity, but I don’t quite know what Mr. Mock 
vhen he speaks of “coefficient.” I don’t know what he is com- 
with as a starting point. 

Mr. Mock: In our column formula, rather than use the ordinary fot 
efficient of fixity of one and a pin-joint coefficient of fixity of 
ter,,which is usual in column calculations, we multiply every- 

four. We therefore calculate a completely fixed joint instead 
is four, and a pin joint instead of calling it a quarter, we call it 


Goldmark: I would like to ask Mr. Mock which of the two is 
[ understood him to say the pin-jointed one was stronger. 


Mock: A fixed joint at the end for the same section of tube will 
uch stronger column. If we have a tube of a certain diameter 
thickness and a certain length, all those factors being fixed, 
it at the end, it will stand much more compression than it 
n-jointed at the end. 
man Oehler: Mr. Mock has in a sense thrown down the gauntlet 
\merican Welding Society by his declaration that the average 
knowledge is a handicap and that they find it more satisfac- 
heaper to educate green men in the art of welding aircraft 
es than to use experienced men. I think perhaps there is work 
n the part of the Society to correct the situation in which it 
n how to weld aircraft from the aircraft builders. 
ve can temporarily discontinue the discussion at this time 
you can consider the meeting open, after the reading of the 
, to further discussion of Mr. Mock’s paper. 
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tight together. The contact surta 
rail and then we undercut eithe 
below. We pressure weld the r: 
together without any intermediate piece and that pres 
to an inch below the head when the weld is mad 
weld is all the Way al ind. 
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and Mr. Deppeler’ se of it is the result of 
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Nomenclature Committee 
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1e society’s 
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committee will 
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perfect. The traffic can’t be interrupted in any way. Between 
they take this welded stretch and snake it over into place and 
it down. Portability, therefore, is of considerable importanc: 
also it is important to keep off the right of way all you can. 

Chairman Oehler: The membership present this afternoon seen 
a mood to receive rather than to disseminate information and i 
pliance with your apparent desire, I am going to call for 
information. This has to do with a proposed method of fixing wo: 
stresses in pressure vessels and Mr. J. C. Lincoln has somet} 
offer on that subject. 


some 


Ductility and Tensile Strength of Welds for 
Pressure Vessels * 


BY J. C. LINCOLN+ 


UR company has a method of welding by the use of the car] 
( This method was not in the minds of the Boiler Code Com: 
when the code governing the manufacture of unfired pressurs 
was written. 


In order to specifically get the Boiler Code Committee to recog: 
process, I approached them asking for specific recognition of th« 
are welding process. 

In this connection it became necessary to specify the quality 
welding done by the carbon arc process and after taking thi 
up with Mr. Obert, who formerly acted for a good many 
secretary of the Boiler Code Committee, it seems advisable t 
changes in paragraphs U-68 and U-71, and it further seems 
to suggest to the Boiler Code Committee that instead of mak 
ruling for the carbon are process only on matters covered by the 
paragraphs that the Boiler Code Committee consider the broad 
of welded joints made by any fusion process. 

Paragraph U-68 at the present time reads as follows: 

“When properly welded by the fusion process the strengt} 
joint may be calculated on a maximum unit working stress (S 
lb. per sq. in.” 

It was suggested to the Boiler Code Committee that this ] 
be changed to read: 

“When properly welded by the fusion process, the strengt} 
calculated on a maxiumum unit working stress (S) as given in ] 
U-71.” 

The present paragraph U-71 reads as follows: 

“Method of Welding. Longitudinal seams shall be of doubl 
that is, welded from each side halfway through the sheet. Girth 
seams may be of the single-V type, that is, welded entirel) 


*Discussion presented ; Annual Meeting, A. W. S April 


tlineoln Electr eland, Ohio 
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the outside. Double-V welds shall be reinforced at the center of! 
veld on each side of the plate by at least 25 per cent of the plate 
ness. Single-V welds shall extend entirely through the plate and 
be reinforced at the center of the weld by not over 20 per cent ot 
thickness. All welds shall be of sound metal, thoroughly fused to 
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of the V for its entire depth. Sheets must not be allowed to 
ng welding. In material 14-in or less in thickness, the longi 
seams need not be beveled. In material less than %%4-in thick, 
the heads will be sufficient, and the shell need not be beveled 


] | 


ead seams. One side of each girth shall be beveled 


shall be no valley either at the edge or in the center of the joint. 
weld shall be so built up that the welded metal will present a 
ncrease in thickness from ‘the surface of the sheet to the center 
eld. 
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‘These two samples shall be bent at right angles 
weld over a half round bar having a diameter equal to the t! 
the sheets joined. 

‘No additional strength shall be allowed for any 
samples tested bend less than 20 deg. in the bend 
additional 250 lb. shall be allowed. For each 
deg. up to and including 180 deg. an additional 
The allowance for ductility shall be determined 
the lower ductility 
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shall be tested in the manner indicated above and 
tensile strength (S) allowed to tha 
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having the same diameter as the thickness of the plate and wl 
weld is so made that the tensile test samples break outside of the 


I am not arguing for accepting the allowances which have be 
gested but I am urging that a premium for ductility be allowed 
a ductile weld be allowed to carry a greater strain than one whi 


ductile. 


[If the particular figures suggested 
factory to the welding industry as 
urge that the welding industry back 
an allowable strength of welds. 
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Mr. Lincoln: I would like to su; st, in order 
the Welding Industry, that an action somewhat 
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that welders are asked to perform work 
childish and yet the welder.is blamed if tl 


when the fault lays with the supervising « 


t 


l agree with Mr. Lincoln that with pro 


and with trained welders, » allowance for 


put up to one-fifth of what we consider a good 
on establishing a great many different allowances 
is out of the hands of the designing engineer 


is only to verify the good quality of work 


Mr. Crowe: I think the American 
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chanical Engineers looking toward 


it seems to me, would hesitate 
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Engineers a bend test, such 
bend is at right angles t 
President Llewellyn: 

that Mr. Lincoln has presented 
and will come before the Executive Comm 
will full knowledge of other committees 
but it seemed to be desirable 

members who are here present 


the subject was introduced at 


As I understand it, Mr. Lin 


expression of informal vi 


Mr. Hobart: It seems 
would be allowed LO re: 
Mr. Lincoln would present abl 
said, but I don’t agree with Mr. Crowe that Mr. 
test is not a good bending tes it seems to me t 
able advantages over 
Mr. Lincoln’s bending test 


proposition involving a sliding 


Mr. C. H. Jennings, Westi 
ing this type ol bend test, 
ments: 
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is a well known fact 
very greatly when stressed 
of deposition. Therefore, 
keep the above statement 
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the direction of the joint 
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direction of the joint. 





DISCUSSION ANNUAL MEETING 


tnis reason ] lee l that the bend test as proposed, W stresse 


41 
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etal in the direction parallel to the joint, will not furnish 


information that is required of the joint, 
problem. 


In any bend test of a welded joint 
be taken into consideration. This factor 


ement of the weld. 


velded specimen is tested in bending, the stress 
fiber is not only a function of the radius of « 


ssumes and the angle through which it bend 
of its distance to the center of curvaturs 


+ + 


est piece ¢ 
weld metal is built high above the surfaces 

uch smaller bending angle than a similar 
nent. This would to indicate that the 
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the same radius of curvature, a 


iently, if a bend is to be used, good resu 
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Lincoln: The suggestion is simply the weld shal 
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to get a maximum amount of bending we woul: 
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I do think we all admit that a ductile wel 
is not ductile. I think you all admit that. 
than one which is not ductile, tensile strengt 
to give some advantage to the ductile weld as 
h is not ductile This is a method of giving 
ntage over the non-ductile weld. 
Owens: As you all know the question of evaluat 
if ductility and tensile strength was strong]: 
ate Mr. S. W. Miller. I am in favor of any process 
give us a weld having the physical, chemical and metallurg 
teristics approaching that of the base metal and anything 
an do to secure this ultimate goal should be encouraged M 
clearly stated the situation as it stands at present 
, as yet, see how we can differentiate 
if ductility The methods so far suggeste 
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determining ductility | bend the specimen both transversely 
tudinally with respect to the weld. I do not 

to obtain a true value of a weld in tension and 

the reinforcement on the specimen, as amount 

very variable factor. The Structural Steel Con 

regard to this in design requirements for the 

and butt welds is based on the throat section ¢ 

ment. Furthermore, in order to secure comparable 


erent processes, witn different thicknesses of 
made by various investigators an isers 
a mmon basis, 


reintorcement 


President Llewellyn: If I may ri 
position now to favor or oppose this sug tion, | | do 
a little light will be thrown on th 
has been mentioned by two o iscusser vho regard 
feasible I believe there is already in force, and has been for 
or thirty years, a sliding scale basis whereby the permissil 
stress allowed on a certain ¢l: of boilers i sixth of what 
may be found to be the ultim: tensile of the weaks 
entering into that boiler 


Steamboat Inspect tion Service. 


objected that it 
a boiler what 
designer assum 
the manufacturer lives up to those 
somewhat higher than the assumption 


| beliéve. They were 1 ya few vears 


Mr. C. W. Obert, Union arbide and ¢ 


niliar with the called marine steel, 

that marine steel is more costly than 

tationary boilers. I understand that it 

than plate for stationary boilers, which 

spector stationed in the steel mill can call for : ‘st specin 

any part of the plate he selec and the test pulled 1 that 
working stress be used. I think that 

but | would in » ha h: inf ation vouched for | 


nspectors. 


I would like to comment on what has been sa 
regard to the impracticability of working on a sliding 


able working stresses for welded joints. That qi 


i } bic 


il 


Mr. S. W. Miller originally made his suggestion for 
test formula. This formula has not been brought 


ceedings of the Welding Society, so perhaps the members! 


may not be 1 iar with it. I will therefore explain 
restion first came the A. S. M. E. Boiler Code Comm 


Boiler Code Committee referred the recommendation as 


‘ 


e 
or measuring ductility, to the American Welding Societ 


basis 


onsideration, with the idea that if the suggestion proved s: 
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Welding Society the Boiler Code Committee wou 
ise of it in some way in revising the Unfired Pre 
for greater allowable stresses on welded joints. 


en the proposed formula and method came before the 
s of the Welding Society that had been instructed to 
. of its practicability, it was objected to by sev 
ainly on the basis of the fact that they understood that 

to be made, a test specimen would have to be worked 


was 
nade up at the same time the vessel was welded and then be 
nd that the inspector on the job would then rul 

test result what that particular tank would 

g pressure is concerned 
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d and it were to work ou 


ssumption carries 


mpractical and unworkable plan. There might 


course be an 
nks just alike in al 
stress and another one perhaps 


| dimensions; one would be allowed 9000 
ig 8500, which wouldn't 


The tank manufacturers objected very strongly, particularl]) 
couldn’ 


put these tanks out in thousand lots, because they t 


the uncertainty of having variable pressures on those thou 
+} ; 


bullt alike. Some scheme had to be worked out tha 


tanks al) 
yw the designer and the manufacturer to select a certain class 
and welding rod for a certain series of dimensions and get a 
lefinite working pressure allowed on it. When the so-called 
formula was presented to the National Board of Boiler and 

Vessel Inspectors at its annual meeting | 
seemed to be ogica o those men who 
these code rules in the various States: 
any st method on any particular 


ut also to set up an approval method for the 
ticular manufacture) 
nstance, any large company were to go befor 
Boiler Inspectors and apply for a rating on a par 
joint, using a certain set-up of base metal] 
of welding, the inspectors thought 
a quick answer to that question. 
method should be approved it would be 
sample test f specimens made up to represent the 
e result to be put in any particular tank and, 
work out an allowable working stress 
conditi 
ve a very definite precedent to follow in that the Canadian 
who handle their inspection work a little differently fron 
do over here, require designs of boilers and tanks to be sub 
them and they rate and approve them in advance. For 
a boiler or a tank is approved in Ontario once, at pal 
ler or tank design including that particular 
conditions, can then be built for that pressure for all time 


? 
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nas to be re-approved and that approval stands for that 
gn on file in the Boiler Inspector’s office in Ontario for 


Ap il 
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many units as the concern wants to make. The boiler inspect 
to favor applying that same procedure, if this bend test formu 
o be approved, 


To refer to Mr. J. C. Lincoln’s recommendation, | feel 
Lincoln gained a lot of valuable information by sitting in at 
the Boiler Code Committee meetings during the past fall and 
He has seemed to get more directly and more successfully the 


Code Committee’s point of view on this welding problem. 


as though at almost every meeting of the Boiler Code Committe: 
the last year or two, we have had snarls in regard to ques 


welding. I view his recommendation as an attempt to offer 


( ich talked of ductility f: 
came from Mr. 8S. W. Miller 

ted to tr 1 various sources and | think 

Lincoln has offered an alternate. He 


other recommendati: and he come 


and avoids the ft a formula. 
scale asl an steps up accordl ig 
iguring it Cc ainly would be much mo! 


and < he¢ k 


[ am personally 
proper time comes 
the stresses he sets forth in h recommendation 
There is a possibility of getting with a perfect bend tes 
is high as 13,000 lb. per square inch allowable stress, 
to me just a little bit high. However, if the method 
members of the Welding Society, certainly that feat 
usted properly. 


is not so much to determine just 
should be, but to work out some plan by which we ca! 
and reasonable method of rating welds. That is the 
now before the Boiler Code Committee. It is the questi 
been holding back action in the Boiler Code Committee towa! 
reater allowances for welding. Mr. Ewertz has outline 
tion very clearly and very definitely. I don’t want to | 
iS taking Issue with him n tn matter. He has 
o what has been 
ommittee. I am merely attempti! 
n to have been overlooked by some of the 
the Boiler Code Committee is anxious 


hat is dependable and that can be rel 


ir ago a cooperative relationship was estab 


de Committee and the Welding Society. That 
it puts in your hands the opport 
lings and recommending to the Boiler Cod 
ithoritative way The Boiler Code Committe: 
right in this matter of « 


This Society is represe!l 
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g field and it is the logical one to set these standards and 


herefore, you can work out something along the line that M: 
has suggested, it would be a great help and I know the Boiler 
mmittee will consider it very seriously when it comes to them 
e} mmittee is favorable to the idea of a ductility facto 

beginning of its work, |! as looked 
t features of 
id when thi ous first came 
tion with the proble f rating welds, it 
le impression. Of course, it is a struggle to pr 
but I think tha | organization ought t 
isonable Wal 


tney are 


something that it can recommend. 


Owens: Mi bert has expressed my viewpoint 
ill sympathy with all he had said. What I 

ry tor the designers to have the sliding 

rder his material f Mr. Lincoln’s sugg 

the practical difficu s encountered with 


Miller, we wi e on the right track 


Vr. Lineo!tn: had rm somebody was goll 
the most valuable 
rgested there was to gi 
is ing to get a good 
that suggestion [t 
being sure that the welds 
bad welds. I thi 


rgested in 


up 


something He asked 


in the case of a 
' if a single V 
ling scale My feeling 
is different where the top of the 
the bottom is stretched, the extra premium 


letermined by the lower ductility and not the 
if bending the sample with the weld outside 
150 deg. and bending it the othe 


premium for ductility, if you 


ither than on 150 deg 


ink is the most valuable 
Boiler Code Committee 
knowing that they are 


mportant thing as I see it 


ire all agreed tl 
} be allowed 
yne which is not ductile. I think we 
there may | ie practical difficulty in givi 
antage or ] ium which it ought to have 
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that, but because the difficulty is there is no reason why it s} 
be done somehow. Understand, there are many ramifications 
will have to be worked out before we get the answer, but t] 
fact is some means ought to be provided so that the inspector an: 
by the Boiler Code Committee can be sure they are passing 
welds and not on poor welds. 


The second thing is that ductility ought to be given some p: 
as compared with a weld equally strong from a tensile strengt} 
point which is not ductile. 


Mr. Hobart: It is only the sliding scale part I don’t agr 
You could have the advantages of his suggestion and adopt 
of 9000 lb. working stress per square inch provided the tens 
showed not less than so and so much tensile strength and 
the ductility tests showed not less than so and so much duct 
I don’t think one ought to replace one by the other. I don’ 
the result should be made up of a mixture of ductility and 
strength, but rather there should be a limit for each and a g 
should not be below either of the limits adopted for tensil 
and ductility. I like his ductility test much better than I lik 
usually used. 


Chairman Oehler: That is an excellent thought to add to 1 
cussion. 


Mr. Larson: It seems to me there have been a great ma: 
cellent ideas expressed this afternoon in regard to ductilit) 
and giving credit for the ductility As has been suggested n 
or machining off the weld before making a bend test might he 
taining more uniform results. 


Some difficulties in the application of a sliding scale bass 
physical properties of the weld have been pointed out, but 
probably be overcome, to a large extent, by rating or grading t 
ufacturers in a manner similar to that now applied to welde 

I think the variation between welds made by different me! 
plant by a given process is less than the variation between w 
at different plants. For that reason it should be just as 
rate manufacturers as it is to rate welders on the basis of qu 
tests. On the basis of such a rating the working stress¢ 
plant can be fixed and the designer will not be left up in the 


The manufacturer making good welds will be compensat 
saving in material, due to the higher allowable working st 
this way recognition can be given for good welding anda 
will not be penalized due to the fact that some manufactu 
produce good welds. 


Mr. Owens: Relative to the question of grading ma 
plants, this question is now being given some thought by 
inspection bureaus, for instance, it is understood that at 
plant manufacturing welding pressure vessels has a bure: 


tor permanently located at the plant. I am glad that th! 
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out for there is as much difference between the quality of wt 
at various plants as there is between different welders 


Mr. Lincoln: One more word. We all know that electrodes with 
luctilities are coming more and more rapidly on the market. 
fair that the fellow who pays more for his more expensive 
e rod to get the increased ductility should get a premium for 

fair to hold him down to the same tensile strength as the 
vho uses the cheapest stuff he can find? If a fellow is willing 
more ductile weld at a greater expense, why shouldn’t he have 
nefit from it? I think that is only fair. 


FRIDAY MORNING 
April 26, 1929 


rhe Last Technical Session convened at 10.15 a. m., Mr. E. A. Doyle 


presiding. 


Discussion paper on “Production of Ductile Welds in Nickel and 
Monel Metal,”* by Mr. N. B. Pilling, International Nickel Company. 


Mr. N. B. Pilling, The International Nickel Co.: Mr. Chairman and 

Since the paper that I am going to give is printed and 

inds, I will not try to read it but just present a few hig! 

onsidering the welding of nickel it might be proper to 

first, the difference between welding steel and welding nickel] 

nickel content alloys. Viewed in its most elementary sense 

one can say that a steel weld should be dependable, strong 

ps, not too expensive. That is boiling it down to a minimum. 

and monel metal and other high nickel content alloys, the 

s somewhat different. These metals are expensive metals 

they are used in any particular application, there is a real 
yn for it. 


the reasons for using these high-cost metals I will mention 
s the ability to retain a high surface finish. Another is 
© resist corrosion by many common liquids. A weld i1 
ils must not only fulfill that requirement of the steel weld, 
nd hang together, but it must retain these other properties 
tu should be able to take a weld, dress off the excess and 
lish it and not have an unsightly surface. Furthermore, 
im should be quite as resistant to corrosion as the plate 


| ] 
i 


; 


\ 


nd these alloys are quite prone to develop defects in weld- 
are precisely of the kind that you do not want—little cracks 
es, etc. Fortunately, the situation is cleared by the circum- 

to get around this does not call so much for an extreme 
ndividual manual skill on the part of the operator as the 


ect in Apt l ssut Journal of A.W.S 
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ce to certain precautions which are 


requirements. 


International Nickel Con 
on this problem and 
These developments thi 
f a short period of 
the culmination of ten years 


the fact that in spite of many ass 


find in some of the textbooks, stat 


new editions, stating 
welding nickel and these b 
has been successfully fabricat 
to the practical way in 
production of good welds 
allurgically sound. Nickel diffe 
» the conditions under whi 


dition cal summarized 


rapidly 
excessive carl 
spoils it. 


rapidly, 


a} 


The trick, 
elements, 
Naturally, 


method whl 


w é lded i 


find, first, the stre 


{ } 
ne test were made 
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thought th: a te I is quite 
1. You can easily 


in quality whic} 


nave 
neces in quality 
nethods of test, 
velds of 


testing i 


that we 
xcess weld 
In the other the re 
strength of thi 
something about thi 
as a whole. All of 


mercial metal, such 


rging into 


met hod 1 
second the 


these 


method 
the little drop on the 


y high temperature and that tem 
the magne 
boiling point, tends not 
but even to boil out 


cy T,y " 
d nitrogen, b 


content for one thing, 
onlv to oxidize. 


such conditior almost certa 
xtremely porou d break apart at 
seems to be to 
is not particularly) 
d give it off again, b 
combined into an electrode 
will evaporate at 
air and provide a harmless atmosphere. 


calcium. possible theoretic: 


is to use one 
alcium 


fine powder 


works very 
ed il on page 23 
u will see the effect 

the weld made with 
with 


table on page 24 yo 
ckel, for example, 
inder a few thousand pounds stress, 
this coating, the strength wa 


mnsiderable elongation 


and a 
of a couple 


is that the m«e 


high temperature that 


qadoes not 


ed at the crater of the arc. The weld is made 
We found that using this coating which we 
, ’ +} 


e welds are eve better than wi 


t! 


‘ Vii 
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For example, you will find nickel welds given which brok 
50,000 lb. stress, the plate metal breaking at 75 and giving 
elongation in 2 in. straddling the weld of nearly 19 per cent. 

We have generally found that monel metal is more amena 
welding than nickel, us any departure from conditions that 
be right for welding shows up sooner with nickel than with mo: 
in the carbon arc; for example, the best weld that we get us 
titanium-calcium electrode coating gives a strength of nearly) 
lb. and an elongation of 34 per cent. We are inclined to lay cor 
able stress on the elongation figures as we have found that t} 
thing that we require, that is soundness, and secondarily, stren; 
ductility, are all tied together pretty well. When we get a sou 
we are pretty sure to have one that is strong and also one 
very ductile. 


In oxyacetylene welding, the operating temperatures are lov 
there is another condition that is pretty bad. The flame, in som 
of it, is extremely oxidizing. Even when you think of a re 
flame, containing plenty of carbon monoxide, bear in mind that 
nesium is oxidized by carbon monoxide. Probably all part 
oxyacetylene flame are oxidizing toward the one element in nick 
you should do your best to keep in it. Welds made with t 
acetylene flame under what you might call normal conditions 
look so very good. They are ductile, to be sure, and have ar: 
per cent elongation. That is not good compared to what wi 
with the other methods, the carbon arc, for example, with 34 
elongation. That seems to be due to the absorption of some 


of carbon monoxide and its subsequent precipitation out on 

A weld made under normal conditions with oxyacetylene to: 
show a columnar structure and rather shiny appearance, ind 
that there are voids between the grains in the weld metal, ! 
plete contacts. 


Strangely enough a slight change in the rate of freezin; 
weld will improve that quite a bit and give these bubbles of 
monoxide a chance to gravitate out easily. You can check 
of freezing by turning your torch backward so that the ex 
gases of the torch flame instead of traveling on ahead of thi 
be made bathe the part that has just been laid down. If you 
in the table you will see that with nickel this change incre 
elongation from about 10 per cent to 17 per cent with a corre 
increase in strength. With monel metal the elongation was i! 
from 8 per cent to about 34 per cent. It is very effective wher 
do it. Unfortunately you can’t always do it. 


A more convenient way of achieving the same end, althou 
different means consists in introducing into acetylene a gase: 
pound of boron. The boron compound is broken up into b 
by the heat of the flame and you have a slightly fluxing co 
present right in the flame itself. The advantage of that is 
can control very closely the proportions of that flux prese! 
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ind all that it requires is to use the proper way of introducing 
yn into the acetylene 


evert a moment to the use of fluxes in general, applied exte 


y painting on a solution it is true enough that the crust of mag 
oxides and other oxides that also form on nickel and these 
when you weld in the oxyacetylene flame in some cases may be 
rsome enough to interfere with the penetration. Fluxes will 
ly help that out, but the thing we find is that you can’t stand 
ch flux. If there is emough flux present applied in 
ever to completely flux, this coating of oxides 


A 


any way 

on the surface 

you get a mirror-like surface, you can be pretty sure you have 
far and that the oxidation of these reactive elements is pro- 

pretty fast. It is quite possible to take a nickel, for example, 

an be made to give excellent welds and make very poor welds 
simply by fluxing too much. 


e of this gaseous boron compound gets around that difficulty. 
sunt that is present at the weld is always the same. You can 
right. If you will consult Table III, you will see that the use 
d acetylene gives with nickel an elongation of around 20 per 
mpared ith 8 per cent made by the ordinary methods of ox) 
welding. The difference with monel metal is 8 and 34 


arit 
all 


per 


icing a gaseous boron compound into acetylene isn’t as hard 
inds. That seems like a trick but it can be done very easily 
need to do is bubble the acetylene through a solution contain 
latile boron compound and fortunately the volatile boron 
nd can be made up out of drug store chemicals. Denatured 
boric oxide or fused boric acid give a solution of ethyl borate, 
a compound in the pure state boiling at below the boiling 
water, I believe. A solution of this contains a portion of 
ite and in just about the right amount to impart the correct 
n of boron to the oxyacetylene flame. 


thing that occasionally may bother one in making 


welds in 
monel is the cracking of a weld. There is one point I want 
n here and that is that both of these metals at a temperaturs 
w the freezing point (that is, the temperature of the rim of the 
pool of metal) are extremely brittle and if put under load will 
nce. When you have made a weld and are starting to re 
the plate, of course, is expanding due to the thermal! stress of 
going in. This little rim of metal right at the edge of th 
urse, is bearing all of the stress on one side of the puddle 
aks. As you proceed to make the weld across the plate, the 
lows spontaneously and you finish with a weld that is 
‘ken in two. 


com- 
an easy way of getting around that by simply taking the 
to start any re-fusion of that kind an inch or two away 
ypen edge so there is an inch or so of cold metal to bear the 
id. That works in many cases. 
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In Table IV are given the strengths 
li art cardon art 
"Sere , 
normal c » and vou 
welds which are anvwher 


plate meta Phe 


ailoys ! 
may be refined at the criti 
a coarse er: deve lope d (at 
there to stay That alwa 
led and fine grained plate material 
Just to summarize the whole |} 
and monel metal are excellen 
welding methods. The produ 
and ductile, requires adheren 
than the exercise of high degree of manu: 
Chairman E. A. Doyle, Linde Air Products 
will agree that we have heard about the most 
the welding of nickel and monel metal that has been publi 
Surely there must be some questions 
to ask Everybody wh has any 
with nickel and 


we would 


Mr. W. B. Miller, Union Carbide 
gratulate you on your excellent paper, M 


yours on starting 1 in. from the end. T 
prac tically all sheet met: 
eral of their brochures 
On page 21 Mr. Pilling calls attention 
the bend for weld ductility, remarkin 


+ 


o give adequate ictility 


‘ry uniform per cent elongation in 2 in. ove 
this looks to me as though that is probably 90 pe 
51 the 


. in. wide weld in a total 


is are reinforced and the plate is 
Tr 


it elongation in Table IV apps 
summary states that the 
weld metal qualities, whi 
piate duc tility be 
elongation in 
[ should like t illing in the number of 


broke outside of the weld. if 1e fracture occurred 


mt or say a % in. to 1 in. away from the weld. 
somewhat on the width of your specimens compared 
but I would like to know if any of the coupons broke 
the weld metal! 


Mr. Pilling: Mr. Miller is entirely rig] 
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rst point, our remarks on bend test were not dé 
mean is that for our own problem we find the 
us all that Wwe think we need to know |? 


r metals he worked with, that is not the cas 


also quite right in ; iming that the 54 per 
given in Table IV, is largely made 
We have not tried at all to measure the 
itself. W 


is broken in tension, you will find that t 


hen we have a poor weld, that i 


in the weld is quite small, due to the loss 
That means tl 
high, although the applied load is small. Then, 


1e actual stress intensity ir 


‘ds, there is a very small length within tl 
the yieldpoint and above and is stret« 
r or a gagemark small enough to straddle 
weld, you would probably find that it had th 
nonel metal. The elongation which you woul 
weld, however, would be almost negligible 


that we have a good weld when the weld n 
ng that during a tension test the maximum 
the weld is not much greater than that in the plat 

nt plate metal hare in the stretching 


higren has a number of tension test pie 
wing the actual location of the break. I 
isually % in. or so away from the weld w 
se test specimens that he has have also 
il ground off and polished and if you take 
n the case of these welds which are strong, 
weld is. There is also on this board a |] 
two metallic arc welds, one of which is 
any coating, and the other with a coating 
the one case, the weld could be flattened 
th cases), and the other was so brittle tl! 


stress of shearing, tryin; 

Miller: At the Lehigh University welding 
Mr. Alexander of the General Electric ( 
sheathed carbon arc welds in nickel an 

ned exceedingly dense and of good quality. 


- 
; 


0 show, so 1 do not know what their insid 
ould be, but they appeared excellent 


lling: How did you say they were made? 


ler: He probably used dissociated ammonia 
were made, using a single carbon pencil, 
ther electrode They appeared very dense, 
lidn’t seem to produce visible porosity 
lling: My experience with hydrogen is 
furnaces under a hydrogen atmosphere, 
part with some tests which I have seen 
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hydrogen welds on nickel Those were not partis 


our ductility ndex the would be rated rather in 


Another ! 1 ’ with the atomic hyvdroven 
trode f tungsten and bits of tungs 
are apt 


to see specks ot 


Mr. Lincoln: trikes me the only 
of a weld can n | ] D\ bendi 
actually comes in welded metal 
around a bar | , { ight angle 

come in the welded metal and if 

pict 

I happen ave done some work with re shield 
With this work steam was introduced into the space 
This steam reacted with the hot carbon accordi: 
H.O equals CO plus Both C and H 
agents, therefore, make the atmosphere around the 


reducing. 


There 
reaction 


nyaro 


tained 
hydrogen atmosphere 
that the atmosphere 
the hydro-carbo1 vi 


result 


Chairman Doyle: 
bring out the best points 
the Society 

Mr. Litle: [ was qu cinated by Mr. Pilling’s 
borated acetylene, and I would like to ask him if he tr 
just with alcohol and no boric compound dissolved in it 

Mr. Pilling: Yes, we have. That thought occurred to 
is possible by using a rather different borating solutior 
one we described to get so much of the boron comp 

you can actually get a deposit of boric oxi 


along the sides of the weld. 


Mr. Larson: I would just like to ask Mr. Pilling 


1 
i 


work wit 


; 1 steel containing rather high amounts 
s around 10 per cent. 

Mr. Pilling: No. Mr. McKay, though, is present 
can say. 

Mr. R. J. McKay, International Nickel Co.: Do you me 


straight nickel steel or nickel chromium steel? 
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Larson: Straight nickel. 
McKay: I don’t know of any experience where 
a steel. I don’t know where such steel is used, 


inless Mr. Pilling has some experience in 


any. 
hairman Doyle: As there doesn’t seem to be 


are going to thank Mr. Pilling and the 

I believe I may take the liberty of sayin 
iny of you get into difficulty in the welding of 
ou will find both himself and his company 


you the 


] ; 


4 } 7 ] 
they nave extended ) 


‘ ,+ 


» tnem tor il 


er Known 
ussion Paper on “Welding of Pressure Vessels for 
T. McLean Jasper, of the A. 


High Tem 
ure and Pressures,”* by O. Smith 
ration. 

Miller: I would like to ask Mr. Jasper what 
nt particularly, and if, 


mill rolling direction of the plate is in 
tested o destruction, 


In the vessels 
gly straight, and | 
ill rolling direction of the 


ne carbon conte 


want to know if 
was in the m 


McL. Jasper, A. O. Smith Corp.: In some 
tion of rolling is parallel with the axis 


other way, the ring type, the maximum 


vith the direction of rolling. We have made q 
steel in both direc 


i 


the 


? 


the strength ions, es 


rials, and we find that the strength o 


varies very little indeed. The ductility 
the direction of rolling in steel. 
t vessel that you saw, which is a ver fracture 
on of the rolling was the same as that of the 
ure was not straight, although the direction 


The tendency is for the fractur 
matte! 


acture. In 


essels, the fract 
if the steel was the same. 

the same straight line when once 
direction of 


It start 


ou have maximum stress in the 
> St. We have tested about eight lara 


vessels 


t\ pes 


types of construction, and that is brought out 


our steel, the , > use tor 
id right off 


omes to us 


ference to the quality of 
essel work is made by the Lukens Compan 
ask for 50 per cent cropping, before an) 
indergoes a very severe inspection in IL10 During 

steel that was n for u 


ar an average utilization of 
fairly high manganese, 


1] per cent We use 20-30 carbon. 
ir and phosphorus in our steel. 
add this: We veld the 

ght use. 


necoln: The curve Mr. Jasper showed on the 


5 VW 
ca ..\ = 
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1igher ductility and especially the higher proportional | 
interesting. I should judge from that the material t] 
the weld (in other words, the weld metal) was of s 
different material in some respects than the original plate mé 
would like to know if Mr. Jasper will tell us i 
weld metal differs from the plate metal so that he 
proportional limit. 

Mr. Jasper: You are asking me, of course, wha 
ind that is a matter we avoid telling, because it 
that we have spent tremendous amounts of money it 
therefore, if I seem not to answer that question as i 
[ trust you will bear with me. On the other hand, le 
picture of why the weld is improved. It is because of 
ing effect in the process of welding, and that is simply 
studying the physics of your arc, understanding how it 

[ would say this: our welded metal as deposited is p 
different from the plate metal, except that it is cleane1 
the value of this quality in the weld of those two vessels 


to the welds where corrosion had decreased the thick 


been in service for over three years; there were no pla 


weld over what it had done in the plate. As a matter 
weld stood ot in relief, showing that the corrosion att 
weld is less rapid than on the plate. 

The second vessel that was shown had corroded from 
thickness of two and a half inches to one and six-tenths 
thickness. There has been enough time to show whethe 
weld would corrode more ra idl; r less rapidly that 
material 
You must understand that those vessels were in a ser\ 
ry high temperature and under a corrosion yndition 

very severe. Some of the oils which are used for cr: 
vy corrosive. We had from the West Coast an actual mea 
of corrosion which represented three-quarters of an inch 
year in vessel wall. I am not in a position to tell you what 
steel was used in this case, because I do not know, but 

of corrosion obtained in some of the cracking units 
being used today. 

Mr. Owens: We are indebted this morning to Mr. Jaspe 
A. O. Smith Corporation, for a very valuable contributio! 
t shows what can be accomplished in our welding devel 
a thorough scientific study and procedure control. This 
industry has been striving for, and the A. O. Smith ¢ 


spent a considerable sum of money in order to obtan 


w days ago I was at the Watertown Arsenal 
yn of the X-raying of welds. Some year 
ilong this line when connected with the Navy, 
developed which prevented me from following 
in the Arsenal when based upon my previous experie! 


indicates to me that a field for analvsis of welds is openet 
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X-ray. pril pal use lies in the perfecting 


technic by X aying ol small weld specimen 


tne 


ire made during cture of pressure 


of these welds ic the soundne 
might even be possible to X-ra 
it poe iob. 
it is generally thought that X-ray e 
thick, similar to that used at the Arsenal 
wever, I was informed that such equipment, 
if the room, but exclusive of the room its 
en $8,000 and $9,000, I believe that any « 


nt research worl O! welding can well afford 


» as to perfec ir techni I leave 
the hope that the X-ray will assis 


ter described by Mr. Jasper. 


word here 


Jasper: I would li » add a 
re very large and me of them are over 
to be handled by heavy cranes. I think 
nd is that the process development of th 
X-Rays | question if we could 
serve the every-day welding 
take so long. As I understand it (I ma 
g), it takes quite a lile to penetrate through the thicknesses 
peaking of. In « ‘r to pertect your process, y' may work 
specimens, and therefore in that case it will 1 
se X-Ray The application to pressure vesse 
say one, tw ree a day, of the size 
a tremé 1 suipmeée f X-Ray to explore 
w much equipment it would mea 


1 involy so that X-Ray 


! ybody in l R Bbe 
Owens: What I meant was that the X-Ray is a 
developme nt ol uur various welding process 


fected the technic, it will not be necessary to 


joint. 

Mr. R. K. Hopkins, M. W. Kellogg Co.: Referring 1 
the proportional limit and ultimate strength, 
Jasper what the ductility was through the wel 

Mr. Jasper: The minimum ductility through the wel 

ngation in 2 in We have had ductilities ru 

yher and in yme of our tests we have had dui 

lower, but the minimum ductility we get with all deposited 
il is around 18 to 20 per cent elongation in 2 in. This 
twisted 


n production welding. These things that you saw 
taken out of part of a vessel. 

Mr nderson: I would like to ask Prof. Jasper if he can give u 
f the relative cost per pound of deposited metal under this 
ter the technique has been developd How does an oxide 
te free weld with practical freedom from blow holes and 

metal with thi 


i 


compare in cost per pound of deposited 
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reporte fi O weld that don’t 


Mr. Jasper: | 
particularly kept 


; ; 


am supposed and not 
1 also avoid any discussion of or any inquiry 
not able to present those data to the gentleman 

I don’t see any reason why the cost should be 


clean metal than it is to deposit it dirty I 


more costly deposit it the dirty way, 


President Llewellyn: Might I add one word 
was put by Mr. Owens and ans yy Mr. Jasper? 
along the line about w we hear s 1uch, namely 
of the soundness of every wel lé commercially put 
familiar with a grea nany methods for determining 
X-Ray, magnetic variation, and a number « 
good, but from a rigorous standpoint, | am 
more possible to determine the absolute soundness 
portion of a weld than it is possible to determing 
specific rivet fills the hole. Conversely, it 
he one 
didn't say thi ot possible to determine whether 
individual rive "Ing true. Every one who has had « 
ntirely feasible for a good 


sn 
in sound, Dut tna acnh ana 


1 aS a pressure 
f xpected. We 
i necause 


; 


results. 


remember 

yntained a clause like 
in shear and bearing 
1f two-thirds as much. 

Look through the specifications day and you 

ause. You will find a clause that reads like this: 
rivets shall be given values of so much. Hand-driven 
given values two-thirds as much. 

We have acquired confidence in the machine-driven rive 
cause each and every rivet fills the hole to exactly the sam: 
but because we have used them with satisfaction. Confidenc« 
ing has got to grow along similar lines, and it is only by the 
development work, such as has been described to you thi 
by Mr. Jasper and the r speakers that such confiden 
acquired. 

Mr. Jasper: This brings up a very important point, and 
great sympathy with Mr. Llewellyn, particularly because he 
the point that we must have confidence. My thought with 
to the application of welding to industry is this: We can 
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control ana 
and at the end 
ld make the tes 


all the other things 
we have the vessel 


weld. on each 
ere test ot tne 


the other hand 


+ 
i 


art with se 
that are welded are going to 


Inv 1S the conndel 


» get that confider is going to 
vessels ‘ely e true we are 


we want. It 


nspect the } 


ds by the use of 
r ay be able 


ya 
them by the use of 
Sperry has for his transverse 


that the is the best thing 


from going astray) 
W. L. Warner, Gener 


I would 

nnection with hi he 
enduranc¢ 

i if he ha 


if there 


Jasper: Y« 


aC 


Across tl 


fatigue strength 
‘rowe: | second 


howed the both the 


trength, a1 
of the 


Is that ty 


yoes off 


ne proportiona 
Jasper: No is no ypical, al [ put 
t of overheating burning 
riginal slab, 
rowe: Wouldn't 
s t} 


1e proport ona 
jasper: Well, it do 
stion about thre now, and thi has 


We do knew that th 


made 
it verv caret 


i ffs cted a 


ipparent 3 


\ 


good vy heat treatment, an know 
b erheating 
vessel we take great pains t 


order t 


affected a good deal 
ikKing of thes: 


achine ofl 
irfaces in » remove this undesirabl 
thing to do. These test 
from the weld 


it attribute it to 


Ss a very proper 


so that we have to attri 
anything else, 


z hecause 
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Mr. R. M. Allen, American Car & Foundry Co.: I would like 
if any impact tests were made similar to the fatigue and te) 
and if so what the results were. 


Mr. Jasper: Yes, we have made test 
have seen slides that I presented at other times 
energy of rupture is higher in the weld deposit than 
You also find that the weld metal is very much more 
purities which, I believe, is largely responsible for this 

Chairman Doyle: Gentlemen, I believe we could go on 
balance of the day on this most interesting subject and 
Jasper continued questions which he has » willing] 
gently answered for us, but the time is g ing sh 

to ask for any more ic] 

[ would like to say just one word bet ve pass 
speaker, and that is that I bel roing 


morning feeling proud of ourselves r being either 


associated with an industry as young as the welding 
will allow a man of Mr. Jasper’s caliber and knowledge 
and tell us that we can produce anything 100 per cent, 
tell us, but be al prove it | want to thank Mr. 
for what he ha 

Mr. Male: I would like to jus t before the Societ 
point of view of the student at the technical college. 
from M. I. T. to attend the meetings of the Society, 


down with me one particular idea that I would like to 


About five weeks ago I attended a supper-meeting 


Society of Civil Engineers, Student Chapter, 

per was served, there was a series of films 

sent down by a firm that manufactured pneumati 
occasion was quite a propitious one. There was 
students at the meeting. The showing of that series 
preceded by one showing the drilling of the Cascade 

that very ably showed the men something of that enginee? 
When the pictures of the riveting came up, there seemed to 
series of diverse applications that it treated, all of whic! 
hit at one particular idea. 

There was a picture of a bridge in Chicago, a lift bridge, 
hown, and several shots were shown of the multitudinous 
and about the structure, and the closing line on that particu 
was that “When lives are in jeopardy, rivet!” There wert 
other pictures along the same line. 

After the meeting broke up, there seemed to be quite a 
cussion among the students there as to the particular ! 
stressing the importance, at that time, of riveting. I can w 
that if that same picture had been shown about five years 
would have been no particular reason for the stressing 
ticular point, because it was a thing that was then fair! 


; 


to every one, and every one was riveting 


The next Thursday, after that Tuesday 





DISCUSSION ANNUAL MEETING PAPERS 
f welding literature to be had in the library on call 
idents there seemed to want to know what had been 
such very strong propaganda to come out in favor 
curricula in both architectural engineering and 
ng, and in most every other engineering that deal 
riveting is, of c 


rie 


iry or moving structures urse, 
to the students They have got to know all 
up to within the last four or five years 

of an engineer called himself a structural 
he assumed the title of engineer, he was 


suppe 
his structures. 


Today there 
te tendency for any 


necessary to 
a rather unfort one whi 
ing design, as far as the art is k: 
structural welding engineer whit 
r unfortunate, because, as I said, a man who intends t 
of an engineer should 
ntals, whether it be in the application of r 


the art of weld 


o call himself 


a 


know what i 


Is nece 


nt or view that tne 


ink that it is not confined exclusively to 7 
id around the country 


earn about welding, a lot of 


tudents up at th: 


ec! 
is an attitude of open-minds 
the professors at different 
ing research work on welding either in cooperati 
re or independently, and the work that they | 
disseminated throughout the 
nected, and the students have been becoming used 
ther rapidly [ know that in the particular course 
yw, within the next two years there is going to 
less fundamental discussion of welding togethe1 
We have tudying rivet groups, 
iltimate stress in the 


| 
tit 
’ Ve 
f lave 


institutions with 


xX 


been and stresses 
furthermost rivet from the 
for a good number of years, but with the coming 

there will also be in parallel with the work we ar 
possibilities very broadly offered 


center ol 


ew, 


if a different 


+ 


a endency to look into the 


r the interest that shown will culminats 
American Welding Society or whether 
Society there, whether Civil Engineers 


in tne torming 


napters ot tne 


eaci 


or Mechanical, o1 
Engineers, will within their own groups form 
ip 


such inter 
s as will help to further spread the knowledge, I don’t 
[ can say this, that the work the Society 

ielp educate the 
is constructive 


nan Doyle: I ; this is about the first time v 
leasure of havir 
dies really want 

thi 


is doing and doing 
! people of the country to accept the ide 

work, and is bound to bear fruit 
(Ch 


member of a student body tel! 
welding information. I hope that a 
s little talk e have had this morning everybody will 
e producers of equipment, electric or gas, lend a helping 
rd the dissemination of information to the schools. A 
if is being done now More could be done 


tT} 


great 





Welding in the Chemical and Process Industries 
. By A. G. WIKOF! 
i rey the chemical and prt s industries art 


th ypportunities offered | welded constructi 
without ly visiting various plants and making 
of applications The advertising and editorial pages of moder: 


periodicals present an authentic and accurate picture of 


in the industries that they cover. Study of current issues of 


nical magazines devoted to the chemical and process industri 


a surprisingly large number of references to welded constructi 


ment manufacturers stress the fact that their products are weld 


announce that they are prepared to fabricate welded equipm« 
fication. In addition, announcements of the special 
developed to resist the « ff ec ts of corrosion 


invariably include a statement as to weldability in discussing 
erties. Aside from direct references to welding in the edit 
an examination of the illustrations will al 


ia ‘tz 
welding is being used 


The reason is evident 


in these industries. In 


subjected to such severe ‘rvice conditions 


wrosive salts, mixtures, as well as gases 
' 


materials of all Liquid air and the electric furnace re} 


extremes of temperature which these materials n 


ay 


The pressure under which processing must be carried out 


widely. In some cases the equipment must maintain a lul 


a few millimeters, while other equipment ill be required 
pressures of several hundred pounds per square inch, or « 


In some processes the effects of corrosion, high temperaturs 


pressure occur simultaneously and present an extremel) 
for the designers of equipment 


Practically all of the commoner metals an loys are 
at one point or another in the chemical in tries. As thes 
fy all the requirements, ntinual investigation is being mad 
new alloys having superior properties, particularly with r 
tet 


sistance to corrosion and high temperatures. 


[It should be remembered that the materi: handles 


industries are all relatively valuable. This means that e' 
leak may quickly result in a considerable loss. In addition n 
materials are of such nature that leakage is most undesirabl 


from the question of loss involved. This is the case with su 


a} 


ju 
as flammable gases and liquids and materials that are « 


physiologically injurious character 


A M 





WELDING IN CHEMICAL INDUSTRY 


m this brief consideration of operating conditions, it is evident 

he chemical industrie nave urgent need for a method of con 
m that will give a joint permanently tight and leakproof under al 
ig conditions and one that can be used satisfactorily with 
including the newer special alloys. Welding affords 

| of construction and it is consequently being used to an 

in the chemical and process industries. 


STORAGE TANI 


rious ways in which a chemical plant can utilize welded cor 
and apply the oxy-acetylene welding and cutting process t 
may be grouped as follows: 

rchase of standard equipment of welded construction. 

cial equipment designed in the plant and fabricated to spe 
ition by outside manufacturers. 


lipment, piping and accessories fabricated by the pl: welding 
partment. 

intenance and repair. 

molition. 

ipment for small scale development work. 


vious that the maximum advantage of welded construction car 
‘d only where there is a definite degree of welded-mindednes: 





a? d 


It 1s pt ssible to build 


able 


to be 


S f 


At 


andard Weld 
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among those responsible for plant construction and operatio 
chemical engineers responsible for design of plant equipment 
thoroughly familiar with the principles of welded design and 
familiar with welding practice to know that their designs will 
with correct welding procedure. There should also be 
ing shop or department capal f 

details such 


iff 


accordance: 


) 


f handling many of the const 


as piping and if taking care of general maint 





H 
repair work Starting with a small nucleus of experience 


je of handling 
welders in 


hemical plants 
many different met 


lt metal 


ip an organization capat 
work. Of ne 
handling the 


‘ 
. ‘laty r ; 
Variety Ol SSILY 


skilled in 


ded pmey 


the present 


a ari ‘ of standard 
] welded construc y } 


of food prod 


taminated | 


used 


processing, storage 
lucts, pharmaceuticals and fine chemicals 

yy contact with metal, ename!-lined equipment 
The steel base to which the 


vitreous enamel is fused 





WELDING IN CHEMICAL INDUSTRY 


oxy-acetylene welded joints because this type of joint w 
successfully. 


ill take the 


ther standard equipment of welded construction includes heat ex- 
gers; condensers; stills and jacketed kettles including those of cop 
nickel and monel metal; indirect heating systems ve‘ng circulation 
t oil; jacketed piping; storage tanks, drums and shipping containers 
irious types. 
| Equipment 

he chemical engineering industries require much special equipment 
ned by the plant engineers in charge of such work. Some of this 


STORAGE TANK 


can be fabricated in the plant shops but a great « 
be ordered from outside manufacturers. 


nt design for welding in chemical plants requires thorough 
n of operating conditions. For example, the ideal design 
piping to carry chemical products would specify that ever) 
nt be welded, making the system practically one-piece constru 
here are many practical considerations, however, which make 


+ 


to modify this ideal design. In many cases it is necessar 


aiy 


jut lines at regular intervals. In other cases, the lines may car 


nable gases or liquids so that the ordinary method of using th 


to make changes or replacements is not possible. Under suc! 

tances it is advisable to maki up the welded line n se tio s whicl 
d with flanges 

ime consideration mus yiven in designing special equipment 
tanks can, of course, be welded throughout and the necessar 
openings and outlets welded into the shell of the tank Mucl 
equipment, however, contains internal parts which may hav: 


ved for repair or replacement. In developing the welded desig: 
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for such equipment, care should be taken to limit individual secti 
a size that can be readily handled in the plant in case it should be 
sary to remove internal parts for repair or replacement. 

In designing special equipment the plant chemical engineer ma 
quire the services of a capable welding engineer in order to mak 
tain that his designs are practicable from the standpoint of the fab 
ing shop. 








HEATING COlII 
STILL 


F iG 6 STOKAG! 
TANKS 10 FT. IN 
DIAMETER 





An example of this is found in the pressure vessels that hav 
built during the past few years. The problem was to provid 
storage for large volumes of certain materials at pressures up 
lb. per sq. in. Oxy-acetylene welded construction was the soluti 
this problem and procedure controls for welding were developed 
made it possible to specify and obtain such pressure vessels 








WELDING IN CHEMICAL INDUSTRY . 





f plants has already installed more than 200 oxy-acetylene welded 
e vessels all of which have proved to be perfect! atisfactor) 
yperating conditions. 


cetylene welded construction is also being used for a wide va 


process equipment Am ul 


ese are absorbe! ndensers 


e. 





ling some designed for pressures as high as 600 lb. per sq. in.. 
autoclaves, scrubbers and fractionating columns. Various con 
are prepared to fabricate welded equipment from aluminum, copper, 
monel metal, heat- and corrosion-resistant alloys and other special 





lesigning an exhaust steam header for a group of compressors in 
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a chemical plant, welded construction was specified with the resu 
the entire header was fabricated and shipped as a single piece 5\ 
long. This affords a splendid example of the simplification of 


and installation that is possible. 


E’quipme nt Fal ricated at the Plant 

In order to take full advantage of welded construction a plant 
ing shop or department is essential. With the exception of 
equipment, much of the construction work can be done by th 
welders. Ina large chemical plant there are many miles of piping 





connecting the various pieces of equipment and the installat 
these lines can be handled by the plant welders. 


At one large chemical plant where some of the buildings ar 
on an island, it was necessary to carry a number of process lines t 
with main steam and water supply across a bridge connecting the 
with the main portion of the plant. The 30-in. water main, 6-i! 
pressure steam line and about a dozen small process lines were all 


As in other industries, a special feature of welded piping is 
with which special fittings can be fabricated from standard pip¢ 
is particularly important in chemical plant work as the pipit 
necessity very complicated. As an example, it was necessary 
nect three large welded absorbers so that they could be operated in 
combinations of series or parallel connections. The special fittings 
sary were easily made by the welding shop. Other points wher: 
construction has greatly simplified piping are found in connecti 





WELDING ID 


\ 


compressor installations and in the control boards fo 


types of equipment. 


welding department can 
ers, traps, 
at 


drips and 


chemical 


rs every 
item that has been foun 
tanks. This c 


rage 


Simil 


plant 
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STRY 


operating 


also 


fabricate the various 
items that 


headers, 
lat are required in larg: 


j 


1 useful is a welded gauge column for use 





umn designed that standard length gaug 
an be used. 
Ke \ 
r modification of ordinary practice that has beer isefu 
ce a standard 


head is then remo. 


yndenser with the tub 


ed and replaced with a welded flanged si 

pipe to which an overflow outlet has been welded. W r ente? 
lenser at the bottom, rises through the tubes ar verflow 
the outlet pipe. As the upper end is open at all times the tube 
leaned quickly and easil 

gh temperature work the newer nickel-chromiun lloys are 
tensively used and the welding shop should be able to handl 
various forms. Welds in these special alloys operating continu 
temperatures above 


a 


red 
perly made weld is not affected by high tempera 


heat are striking 


. ‘ ‘ +h + act 
proot o he f 


+o% 
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In addition to work on equipment and piping the welding 
abricate a large variety of what might |} 


also f ve termed accessori 
nclude supports for tan 


in-> 


hand rails. 


Lead is used extensively in many chemical plant 


manufacturing sulphuric acid. Much of this work 
lead burners using the oxy-hydrogen flame. In certain bra) 
lustry, however, the oxy-acetylene welders are req 


rea 


as part of their regular work. In several large paper and 
the welders have become very expert In fabricating flanged 


special fittings used for handling sulphur dioxide and 


blow-off lines from the sulphite digesters. 
Maintenance and Re pari 


Owing to the severe operating conditions in the chemic: 


maintenance is a serious problem. Where breakage occ 
handled by the welding shop wherever possible just as is done 
ndustries. Occasionally special problems arise that are of 
terest. For example, in handling certain very corrosive chen 
tubing has to be used in constructing condensers. In emerge! 


in this glass condenser tubing have been repaired with the ox 


flame. 


In considering the question of repair it should be remembere: 


use of open flames is prohibited in certain sections of man 
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Pas 


particularly petroleum refineries, natural gasol 
d gas plants, and those producing certain organi 
welding blowpipes should never be used in such 
ybtaining approval of someone in authority) 
d to pass upon such questions. Tanks, drums or 
have held flammable liquids or acids should 
eftore any att 1] made to cut or weld Wh 


should be done ile the container 


onnection 1 nteresting to note 
ed on the mark a portable device 
gases and of indicating whether or no 
itions which forn xplosive mixtures witl 
ce before welding or r in any suspet 


sensible Si é 


processes al istantly changing part 
f the industry and as a result equipment 
solete. Small items of equipment can usually 


without difficulty as in other industries t 


frequently | lemoli | in order to make 


necessary to demolish an entire 


vvens for the purpose of replacing them with a n 


n. The cast iron and steel portions 


by means of the 
it six weeks. 


irch laboratories in chemical plants are const 


ts and processes. In the laboratory reactions are carried out 
part in glass apparatus under carefully troll condi 


musi 


a new pro can be placed in actual produ n, it 
' 


out on a small scale, using instead of glass beakers 


t will be enco red 


naterials of 
ctions that take place readily in glass have 
g¢ quite differently when tried in commercia 
blems seldom enter into laboratory work 
chemical action, | the question of the 
t may require long and careful study. 
nature as to require the development of 


hi« 


if this develoy nt work, the oxy-acetylene 

stance. With tl utting and welding blowpip¢ 
ired shape or e can be quickly fabricated fron 

onstant changes and modifications that are a1 
velopment work can be made without loss of tin 
nm as h metal or alloy will give best resu 
rating conditions, the welder can at negligibl 


nt of the ‘rials for comparative test 
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Cooperation between development engineer and welding dey 
will result in increased effectiveness of development work. Thi 
bilities are limited only by the amount of thought devoted to thi 
of chemical plant work 


Conclusion 


Although welding is being used to a considerable extent in 
cal and process industries, relatively few plants have reachei 
utilization that has been outlined in this paper. The welding 
can aid further progress by making available data that will be 
to chemical engineers in charge of plant design and to man 
who fabricate welded chemical equipment. 


Welding in the Plumbing, He ating and Ventila 


Industries 


SAMUEL E. DIBBLEt 


TJELDING in the Plumbing, Heating and Ventilating Il 
W rapidly making a place for itself by adapting the sk 
nique of torch manipulation to the requirements of good practice 
fitting. Hardly a convention of the various Plumbing-Heating lh 
organizations meets without some mention of the application of wel 
its field. At the Carnegie. Institute of Technology, welding | 
taught in the Heating, Plumbing and Ventilation poaya ments sil 
In the early days of teaching this subject I found no supporters 
welding torch and its application to piping within a building 
matters as fire hazards, weakness of welds, absorption of expan 
contraction, durability, excessive costs, and lack of welders were 
as impassible barriers through which the progress of welding 
penetrate. These obstacles are not as great today. The firs 
no longer one of concern in the modern concrete and 
The other barriers have one by one been broken down, 
are many supporters in the heating and ventilating 

and for the teaching of welding to young men int 
and heating. 


The heating industry is not holding welding back on acco 
lack of application, but on account of the tremendous turn-over 
both of sales and materials. The steamfitters and sheetmetal wor} 
piumbers must learn how to weld. Welders cannot be brought 
industry with success on account of the labor conditions. The 
velding or more spec ifically the welding torch is looked upon 
the mechanic to use. This is a correct thought. How impossibl 
be to bring a welder into every trade that can use welding! K«: 
mind th welding torch as a tool, it should en y ach killed 





WELDING IN PLUMBING AND HEATING INDUSTRIES 
manner that the skilled workers will accept it as 


a working too 
me proficient in its use. 


The plumbing, heating and ventilating 
s which play such an important part in the comfort and healt! 
n beings, cannot afford to experiment, for in doing so some 

die from poor installations or may be subject 
it life. This then is entirely different from the ind 

ss of money may be the result of experiments. T% 
knowledge of steamfitters and plumbers requires five 
eship. The welding torch must be placed in the hands 
the plumbing and heating trades. With the torch she 
information—to its application. The welding and 


humal! 


ses, regulators, etc., have been perfected to the extent 
nstruction work. The welding industry must 
nt there. The welding industry must develo 


p 
ter can take a perfect torch, 


regulators, and 
ficient in welding will quickly discard it 


be shown exactly where and how to uss 


is. These questions and many others must 
industry if it expects to have its tools used 
installed using only the welding torch, but each 


; 


nders and correcting ft m. The 


uncertainty of 
from 


asons: 
4 ; ‘ . + ] . thot 
oO Q WOrkK LaKes na 


other mechanic. 


make a perfect weld and 


yr alr, nor about the 


n welding, cutt 


. > or three Vears, Vé 


welding into these skilled 
ason than to allow adjustr 
ised. To give the welding 
iping contractor feels abou 
‘ 


issue of their official bullet 


‘ 


fortunate that the members of the Heatir 
‘ational Associatior 


oO 


1 are so slow in availing them 
es held out by the ‘Science and Art of Fusion W: 
piping installations. A good Arc or Oxy-Acetylens 
f an experienced operator, is one of the most va 

of a piping job. Its possibilities are almost unli 

required to install the average welded jo 

required a screwed joint job. 
does away witl 


uulky, unsightly fittings of 
with cost! 


repairs and replacements. 
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to install pipe where it would not be possible to install it with fitt 
enables the welder to make fittings and bends of good appearar 
unquestionable strength and quality, as well as joints that will 
be tight, and stay tight. If it becomes necessary to remove a 
piping at any time, this can be done more readily and quicke 
torch, than by the old methods. 

“The lack of interest in welding by the members of the asso 
probably due to a lack of knowledge of its merits and possibilit 

“There is available, through the medium of National Hea 
volumes of simple and dependable instructicns and data, whic} 


hours’ study would enable anyone interested, to organize a wv 


partment in his shop. 


“While the joining together of pipe by ‘Autogenous Weld 


paratively new (1910), it has passed the experimental stages, a 
the efforts of some of the most outstanding and dependabl 
and others interested in the practical application of welding, 
ability when properly applied is unquestionable. We must, hi 
in mind that the human equation enters into the successt 
of this as well as any other art, so that it i 

not only properly qualified welder 

the part of those interested in pi 


with the best and most dependablk 


“Manufacturers of welding necessities 

nd advise those who are interested in ado 

We lding,’ i ] service is pre nerally free.” 
the Subcommittee on Welding; Heating and P 


tional Association; J: 21, 1929. 


This statement has a very significant meani 
is applving the art of welding in a way that 
efforts. A committee on ‘Iding has | appol 
functioned to the extent of designing a flange that can be us 
jobs. To have a new art develop and be recognized by the 
then have that industry proceed to ; ly it in a well-def 
is far better than allowing it to drift in and, after man 
become part of the trade. 


The application of welding and pipe 
a better heating job for the 
and Brabbee the coefficient of resistance 
deg. fitting is 1.0, while that of a ninety 
t=-50), five times the diameter of pipe, is zer 
» heating work it is possible to greatly reduce 
tT 


f-\}] x r 
LOO 1? 


{ 
i- 


is (I 
to tl 
lines by bending all changes in direction and no 

friction reduction is a very important matter in heating 


it 


motive force, especially in hot water heating systems, 
small that serious results often occur because of the 

ber of fittings. Excessive friction makes a sluggis 

with circulation, and causes an imperfectly balanc 

if bends a freer flow of water, steam or air can be obtained 





VELDING IN PLUMBING AND HEATING INDUSTRIES 


American Society of Heating and Ventilating Engineers in thei 
laboratory at Pittsburgh determined by experimentation that a 
‘T” enlarged at the point of branch off-take reduces turbulenc: 
when used in the average heating system. There are no fittings 
make up this condition. However, with the aid of the welding 
ry branch can be made in that manner. Bending and welding 
ll greatly help in making the vital things of heating systems 
better. Not only by reducing friction in the practice of pipe 

it by causing fewer joints to be made on the job, we can save 
st of installation 


chnique of welding and its exact application to plumbing and 
ist be perfected by the plumbing and heating engineer. I have 
pleasure of discussing this problem of gas and electric welding 
ipe welding departments of every large welding equipment and 
facturer. For those who wish information on pipe welding 
een done the above mentioned departments can furnish 
ation as to the direct application to embody the principles of 
there is no place tO go. Some agency or experimental work 
carried on by the welding industry to determine ways and 
ccomplish correct results. I will speak more of this later. 
a steam heating sanitary pressure system in my laboratory 
years ago with the aid of a large manufacturer. This system 
iuse of considerable comment, a picture of it and a detailed 
ppeared in practically every trade paper. This system gave the 


omething to talk about and every detail of its erection was 


That was four years ago. Today the same thing must be 
wider scale. The flow of steam and water through a job wit! 
nd checked with a welded job must be studied. While th 
and heating industry is interested in the physical development 

1f welding it is more interested in the correct flow of steam 


ition of water to produce a perfect system 


nforced “T”’ is used where expansion and contraction are liable 
ted at the branch and main connection. The braces aid in 
the movement to some other straight pipe section TI 


necessary only where extreme conditions exist 


leg. bends can be made in many ways. In heating work, 
major idea being to lighten and cause easy flow of water 
two-piece should never be used. The pipe can in small siz 
the desired angle, or “T T.” Tube Turns can be used 


r situation is one which must be understood and dealt wi 


nner. Welding will be used more or less in the heating field 
direct proportion as the steamfitters become skilled in the art 

electric welding as applies to their trade. The welding 
must employ steamfitters and heating men, develop them in thi 
ding as it applies, and then send them out to instruct othe 
rs. Welding schools similar to the one at the Carnegie Insti 

hnology should be fostered by this industry to train steam 
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COURSES IN WELDING FOR STEAMFITTERS 
‘mentary Course: This cot is to cover gas welding 


] 


Pe! 


Lecture on gases and eq lipment. 
Demonstration of connecting and lighting 

3. On piece of pipe demonstrate nipple weld. 
Student cut grooves in pipe and fill same 
Weld two pieces of pipe tovether continu 
and penetration are satisfactory. 
Demonstrate cutting of steel pipe. Student 
. Make “‘T” joint 

8. Make 45 deg. ell. 

. Make “Y” joint. 

. Make double “T” joints. 

. Make double “Y”’ joints. 
Lecture on application of welding 

3. Practice on 4-in. pipe—‘‘T” joint 
. Practice on 4-in. 


course to De 


Ceé d (_OUTS¢ 


1. Lecture on metallurgy (study of metals) 
2. Weld two pieces of pipe and pull apart 
Weld two pieces of pipe and test for tightness 


» 


1. Continue abov until welds hold. 

5. Continue above until welds hold. 

6. Make round joint—with pipe above head. 

7. Make branch joint in corner. 

§.. Bend a 1%-in. pipe to exact measure 
bending. 
From 4-in. main tap in, bend and 
main for riser and radiator connection 
. Make 6-in. ell. 

1. Make 6-in. “Y.” 

2. Cut with template a 4-in. “T” branch 
. Cut with template a 3-in. “T” brancl 
.Cut with template a 4-in. “Y” branch 

90 deg. bend. 


‘his course to be repeated until perfection in skill 


A welding school of this kind should be so equipped 
will have a torch or welding station. Twenty-five 
at least twenty torches. It is better to have tw 
torches. This number is about all an instructor can a 
it thr 


ee min 


hour period. Twelve students can have ab 
structor’s time every half hour. 


There is another distinct project which must be carried 
is this: Some group or individual must erect an experiment 


ystem, a small system using 6-in. pipe and sizes smallet 
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many experiments of types of welds and methods 
en report in detail this information, not 

but to the heating, ventilating : 


joint, labor and gas, cost per 
or per radiator, strength, ease of application 
viping oO irregulatorities and perfecting wa 


n of weldi to low pressure pipe systems 


{ 
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ity Society of Western Pennsylvania (May, 1929), Vol. 45, No. 4, pp. 
165-194. 

Pipe Welding and Laying Methods on 250 Mile Gas Line. Engineering 
News-Record (July 11, 1929), Vol. 103, No. 2, pp. 54-57. High pressure 
line 20 in. in diameter completed in six month. New wrapping and testing 
devices speed up the work. 

Pipe Welding Under Difficulties. G. F. Walker. The Welding Engineer 
(June, 1929), Vol. 14, No. 6, pp. 37-38. Welders obliged to exercise inge- 
nuity in overcoming mechanical problems of welding pipe line in tunnel. 

Practical Hints on Electric Welding. J. Lyall. Mechanical and Welding 
Engineer (April 20, 1929), Vol. 3, No. 4, pp. 134-135. 

Practical Notes on Welding Copper. (Mech. Wld. (May 31, 1929), Vol. 85, 
pp. 503-505. 

Present Status of Structural Welding. Contr. Rec. and Engng. Rev. (May 
1, 1929), Vol. 43, pp. 458-460. Answers six questions concerning gas and 
are welding. 

Provisions of Welding Society Code for Structural Welding. Engineering 

News-Record (July 18, 1929), Vol. 103, No. 3, pp. 92-93. Committee’s work 
completed and its recommended practices approved by the parent body. 
‘ Recent Developments in Brass Rods. A. R. Lytle. The Welding Engineer 
(May, 1929), Vol. 14, No. 5, pp. 37-39. Welding rods of new composition 
show better results in all applications and seem to open up new fields to this 
process. 

Reconditioning Ship Boilers. Mechanical and Welding Engineer (April 20, 
1929), Vol. 3, No. 4, p. 14. 

Repair of Machine Tools by Electric Welding. Soudeur-Coupeur (Liege) 
(May, 1929), Vol. 8, pp. 53-55. Methods employed by Spanish firm in Bilbao 
for repairing balancing arm of machine employed in manufacture of nails. 

‘ Repairing the Bridge at Darien. H. A. Sanchen. The Welding Engineer 
(July, 1929), Vol. 14, No. 7, pp. 49-50. Methods of repair of railway bridge 
showed great economies and caused no interruption to regular traffic. 

Report of Consulting Engineer. J. 1. Banash. Acetylene Journal (May, 
1929), Vol. 30. No. 11, pp. 460-471. Cooperation with regulatory and safety 
bodies establishes use of carbide products on sound basis. Indications of 
future developments 

Resistance Welding in Automobile Field. M. L. Eckman. The Welding 
Engineer (July, 1929), Vol. 14, No. 7, pp. 57-58. Spot, seam and flash weld 
ing, each play an important part in the mass production programs of the 
modern factory. ‘ 

Responsibility for Wire Caused during Cutting Operation. The Welding 
Journal (April, 1929), Vol. 26, No. 307, p. 118. 

Rules for Oxy-Acetylene Welded Pipe Lines. Autogene Metallbearbeitung 
(Halle Saale) (April 15, 1929), Vol. 22, pp. 102-103. Proposed rules formu- 
lated at convention in Essen by Welding Committee of Society of German En- 
gineers (V. D. I.); examination of welders and supervising engineers; super- 
vision of welding and testing of gas pipe lines; supervision of lines in opera 
tion; special requirement and improvements. 

Seven of the Best Papers Presented in Competition for the Lincoln Arc 
Welding Prizes Have been Assembled and Published as a Book by the McGraw 
Hill Book Company, and is now being sold at $5.00 per copy. The book con 
tains the following papers: “Are-Welding—Its Fundamentals and Economies.” 
A Treatise on the Fundamentals of Are-Welded Design and Shop Practice 
and an Analysis of Its Industrial Applications and World-Wide Possibilities. 
By J. W. Owens, Director of Welding, Newport News Shipbuilding and Dry 
dock Company, Newport News, Va. “Fundamental Principles of Are Weld- 
ing.” By H. Dustin, Ingenieur, A. I. Lg. Professeur a l'Universite de Brux 
elles. “Electric Welding of Ships’ Bulkheads and Similar Plated Structures.” 
By H. E. Rossell, Commander, Construction Corps, U. S. N. U. S. Nava! 
Academy, Annapolis, Md. “Theory and Application of the Base Plate Arc 
welded Rail Joint.” By Frank B. Walker, Chief Engineer, Eastern Massachu 
setts Street Railway Company, Boston, Mass. “Stable Arc Welding on Long 
distance Pipe Lines.” By B. K. Smith, President, Big Three Welding ar 
Equipment Co., Houston, Tex. “Are Welding As Applied to Constructio: 
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Work at the Philadelphia Navy Yard.” By M. M. Kennedy and F. H. Wie- 
land, U. 8. Navy Yard, Philadelphia. “Arc Welding of Duplicate Steel Struc- 
tures2 By W. H. Himes, Wilkinsburg, Pa. 

ield Tunnelling Under Stondy Creek, Melbourne. Mechanical and Weld- 
ing Engineer (April 20, 1929), Vol. 3, No. 4, p. 132. 

Short Cuts for Oil Field Welders. C. R. Price. The Welding Engineer 
(July, 1929), Vol. 14, No. 7, po. 59-60. Making patterns for pipe bends. 
Finding lengths of parts of welded elbows. Making angle iron for cutting 
at any angle. 

Spot Welding Apparatus. W. H. Pierson. Off. Gaz. (Feb. 26, 1929), 864. 

Spot Welding Machine. M. W. Moesta. Off. Gaz. (Feb. 26, 1929), 379. 892. 

Strength of Welded Pipe Joints. The Welding Journal (April, 1929), Vol. 
26, No. 307, pp. 110-112. : 

Strengthening of Bridges by Electric Welding. Mechanical and Welding 
Engineer (April, 1929), Vol. 3, No. 4, p. 122. Details of some investiga- 
tions recently carried out to provide a suitable alternative to the complete 
renewal of weak bridges. 

Stronger and Simpler Lintel Design. The Welding Engineer (June, 1929), 
Vol. 14, No. 6, pp. 45-46. 

Structural Steel Welding. F. T. Llewellyn. Proceedings of the Engineers’ 
Society of Western Pennsylania (April, 1929), Vol. 45, No. 3, pp. 134-163. 

Tests of Metal Arc Welds. A. Vogel. General Electric Review (June, 
1929), Vol. 32, No. 6, pp. 332-340. Purpose of tests. Types of welds. Test 
specimens. Diagrams and tabulations. Unit stresses. Results. 

The Application of Welding to Mining Plant. C. W. Brett. Science and 
Art of Min. (London) (May 18, 1929), Vol. 39, pp. 342-343. Notes on use of 
oxy-acetylene, electric-arc, and thermit welding processes for repair of coal- 
mining equipment. 

The Application of Welding in the Workshop. J. Lyall. Mechanical and 
Welding Engineer (June 20, 1929), Vol. III, No. 6, pp. 190-191. 

The Influence of Manganese in Steel Welding Rods. Mechanical and Weld- 
ing Engineer (June 20, 1929), Vol. III, No. 6, pp. 192-193. 

The Torch Keeps the City Going. W. D. Flannery (June, 1929), Vol. 30, 
No. 12, pp. 497-501. Gas welding and cutting as used in skyscrapers and 
seen from the sidewalks of New York. 

Train the Welder. F. G. Crisp. The Welding Engineer (May, 1929). Vol. 
i4, No. 5, pp. 42-44. How aircraft welders are prepared for their work and 
then checked systematically with qualification tests. 

er-Water Cutting Operations. Acetylene Journal (May, 1929), Vol. 30, 
No. 11, pp. 467-468. Typical jobs indicate great savings in construction and 
operating costs made possible by use of the oxygen cutting jet on pieces 
totally submerged. 

Vertical Boilers with Welded Seams. E. Forgeot. Assns. Francaises d> 
Proprietaires d’Appareils a Vapeur—Bul. (Mulhouse) (Jan., 1929), Vol. 10, 
pp. 1-11. Construction details; dangers; enumeration of observed explosions 
and legal measures; article is followed by copy of Circular V from Ministry 
of Public Works to engineers and managers of mines regarding precautions 
in use of this type of boiler. 

Welded Airplane Joints. American Machinist (May 30, 1929), Vol. 70, pp. 
859-862. 

Welded “Battleship Deck” Floors. L. H. Miller. The Welding Engineer 
(May, 1929), Vol. 14, No. 5, pp. 45-46. Plan for an all-welded steel floor 
which meets all requirements of the builder plus several marked advantages. 

Welded Joints of Gas Pipe Lines of More Than 200 m.m. Diameter and of 
More Than 1 atmos. Absolute Pressure. D. Bardtke. Autogene Metallibear- 
beitung (Halle Saale) (April 15, 1929), Vol. 22, pp. 103-107. Discussion 
of rules proposed by author at convention in Essen under auspices of Welding 
Commission of Society of German Engineers. 

Welded Machine Tool Structures. J. R. Weaver. The Welding Engineer 
(July, 1929), Vol. 14, No. 7, pp. 37-38. Some striking examples of variety 
of machine parts which may be fabricated economically of welded steel. 

Welding. If It Isn’t Welded, It Isn’t ‘Modern. A. M. Candy. Heat Trea. 
and Forg. (Jan., 1929), 15. 48-50. 
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nt mae As a Fabricator’s Tool. Iron and Steel of Canada (Feb., 1929). 

Welding Experience Gained by One Aircraft Builder. H. A. Backus. Ajy 
way Age (June, 1929), Vol. 10, pp. 801-805. 

Welding Facts and Figures. D. Richardson and E. W. Birch. The Wel 
ing Journal (April, 1929), Vol. 26, No. 307, pp. 102-104. Handbook for Weld 
ing Engineers. 

Welding Facts and Figures. D. Richardson and E. W. Birch. The Weld 
ing Journal (May, 1929), Vol. 26, No. 308, pp. 142-148. 

Welding Facts and Figures. D. Richardson and E. W. Birch. The Welding 
Journal (June, 1929), Vol. 26, No. 309, pp. 173-175 and 178. 

Welding in Mining and Milling Operations, Use of. Iron and Steel of 
Canada (March, 1929), 12. 85-89. 

Welding, Method of. S. J. Kniatt. Off. Gaz. (Feb. 26, 1929), 879. 775. 

Welding a Broken Tractor Trunk. Mechanical and Welding Engineer ( April 
20, 1929), Vol. 3, No. 4, p. 128. 

Welding Apparatus, Automatic. A. M. MacFarland. Off. Gaz. (Oct. 30 
1928), 375. 1167. 

Welding and Cutting Practice with Low Pressure Plant. C. S. Milne. The 
Welding Journal (April, 1929), Vol. 26, No. 307, pp. 106-109. 

Welding Copper, Brass and Bronze. Ira T. Hook. Mechanical and Weld- 
ing Engineer (June 20, 1929), Vol. III, No. 6, p. 198. 

Welding in Maintenance of Way Work. C. J. Bergundthal. Pac. Ry. Club 
Proc. (April, 1929), Vol. 13, pp. 7-11. 

Welding in the Boeing Plant. The Welding Engineer (June, 1929), Vol. 
14, No. 6, pp. 59-60. Fuselages are welded with the arc—Some other parts 
gas welded and brazed—Operators carefully trained. 

Welding Machine. G. E. Cooper. Off. Gaz. (March 26, 1929), 380. 

Welding Machine. H. M. Naugle and A. J. Townsend. Off. Gaz. (Dec. 11, 
1928), 377. 356. 

Welding of Power Plant Piping. F. G. Outecalt. Mechanical and Welding 
Engineer (June 20, 1929), Vol. III, No. 6, pp. 197 and 204. 

Welding of Stampings Used in Aircraft Construction. R. M. Mock. Metal 
Stampirgs (June, 1929), Vol. 2, No. 6, pp. 453-458. 

Welding Processes Used in the Rolling Mill. S. S. Wales. The Rollin 
Mill Journal (June, 1929), Vol. 3, No. 6, pp. 279-280. Application of 
tric welding to maintenance of mill equipment. 

Welding Responsible for Increase in the Use of Sheet Steel. Iron Trade 
Review (April 25, 1929), Vol. 84, No. 17, p. 1123. Authority on manufacture 
of automobile bodies anticipates even greater application of welded fabricated 
designs in future. 

Welding Silences Erection of Hospital Addition. Electrical World (June 
1, 1929), Vol. 93, No. 22. p. 1108. 

Welding Trusses for Industrial. Buildings. A. Vogel. Mechanica] World 
(March 29, 1929). Fusion and electric welding tests. 

Welding Twenty-six Miles of Pipe a Day. The Iron Age (July 11, 1929), 
Vol. 124, No. 2, pp. 92-94. Use of automatic equipment, both processing and 
conveying, converts A. O. Smith plant into a huge machine. 

Welding v. Riveting. Mechanical and Welding Engineer (April 20, 1929), 
Vol. 3, No. 4. pp. 138-139. ; 

Welding Worn Rail Ends in Track, Canadian Pacific Railway. Engineering 
News-Record (May 2, 1929), Vol. 102, No. 18, pp. 719-720. Rail ends built up 
by oxy-acetylene process on mountain divisions with heavy grades and curves. 
“ Will Build Welded Ships. The Welding Engineer (May, 1929), Vol. 14, No. 
5, pp. 40-41. Several new and interesting design features embodied in p!ans 
of welded barges to be built in eastern yard. 





